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Abstract 
The novel exo-enzyme cleavable linker N-1-(4-(3.aminopropylcarbamOYl)-
phenyl(ethylsulfanyl)-methYl)-2-PheflYlaCetamide (1) was successfully synthesised 






It was found that linker 1 could be coupled in high yields via amide bond 
formation to a variety of carboxy-functionalised solid supports, such as T entagel® 
and polystyrene for example. In addition to being enzyme-cleavable, it was also 
possible to effect quantitative cleavage of linker 1 from solid support by chemical 
means, either by using mild acidic or basic conditions. 
A number of sugar substrates/building blocks were synthesised in solution 
and attached to solid support via linker 1 in excellent yields. A variety of reactions, 
such as sulfation and esterification, were then performed on these support-bound 
sugars to demonstrate the applicability of linker 1 for use in solid phase carbohydrate 
chemistry. 
The enzymatic cleavage of linker 1 from solid support was also studied in an 
attempt to gain an understanding of the optimum type of solid support to use in 
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1 Introduction 
1.0 General introduction 
1.0.1 Sulfated saccharides 
Sulfated saccharides are widely distributed in nature, occurring in both plants 
and animals, where they play important roles in many biological functions and 
activities. 
In plants, sulfated saccharides are present in the intercellular and cell wall 
regions. In animals, they are present in the glycosaminoglycans (keratan, 
chrondroitin and dermatan sulfates) of the extracellular matrix of tissues such as 
skin, cornea, ligament, cartilage and synovial fluid. Sulfated saccharides are also 
present in brain and nerve tissue as sulfated cerebros ides.U] 
Apart from altering the physical properties of the parent sugar chain, sulfated 
saccharides are associated with a large number of biological functions. For example, 
the 3'-O-sulfated derivatives of the blood groups Lewis' and Lewis' series have been 
proven to be ligands for E- and L-selectins, which are involved in the initial stages of 
the inflammatory response and lymphocyte extravasation into peripheral lymph 
nodes.t 21  As a result, they are potential lead compounds for anti-inflammatory drugs. 
1.0.2 Heparin and heparan sulfate 
Perhaps the most familiar and well-studied sulfated saccharides are the 
glycosaminoglycans, heparin and heparan sulfate. Strictly speaking they are not 
single substances but rather a family of sulfated glycosaminoglycans 
(mucopolysaccharides) with a range of molecular weights from 3000 to 40 000 and 
are products of biosynthetic transformations. 
Heparin and heparan sulfate are complex sulfated polysaccharides composed 
of alternating units of hexuronic acid (D-glucuronic or L-iduronic acid) and D-
glucosamine in (l—+4) linkages. (3)  The molecules are attached to a protein backbone 
which consists entirely of serine and glycine residues. [41 
Heparan sulfate differs from heparin in firstly the amino-acid composition of 
its protein backbone and secondly in the relative proportions of iduronic and 
glucuronic acid present. A partial fragment 2 of a heparin molecule is shown in 
Figure 1. 
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Figure 1. A pentasaccharide fragment of heparin 
1. 0.3 The functions of heparin and heparan sulfate 
Heparin is a well-known anti-thrombotic drug. It is also known to have other 
biological effects such as anti-inflammatory, anti-metastatic and angiogenic 
modulatory effects. 151 
The majority of the biological activities associated with heparin and heparan 
sulfate are thought to be due to the interaction between their negatively charged 
glycosaminoglycan chains and various proteins.''' These interactions can range from 
highly specific, as described for the anti-thrombin binding region in heparin, 
[71  to 
relatively non-specific electrostatic associations. 
1.0.4 Basic fibroblast growth factor 
Fibroblast growth factors (FGFs) are a group of proteins that have generated 
particular interest in recent years, most notably for their interaction with heparin. 
There are seven members in the FGF family, sharing a varying degree of homology 
at the protein level. They are sometimes referred to as the "heparin-binding growth 
factor family" due to their high affinity to heparin. 
2 
One of the most thoroughly studied members of the FGF family is basic FGF. 
Basic FGF, a single chain non-glycoslyated cationic polypeptide, is found in most 
tissues of the human body and has a molecular weight of 16.5 KDa.t 81 
1.0.5 Biological functions ofbasicfibroblast growth factor 
The biological roles of the FGF family have been difficult to classify and 
study because in some cases more than one growth factor displays a particular 
function and unrelated growth factors can induce a similar biological effect. 
However, basic FGF is known to have important roles in processes such as 
embryonic development, wound repair and mitogenesis. 
Basic FGF is also known to play an important role in angiogenesis (the 
induction of new blood vessel growth).'' Therefore, by implication, basic FGF can 
also be associated with tumour growth. It is now known that solid tumours require 
angiogenesis in order to grow in mass, and the role of basic FOF in angiogenesis 
clearly implicates its capacity to be involved in tumour growth. 
1.0.6 The interaction between basic fibroblast growth factor and heparan 
sulfate 
Basic FGF delivers its signal to cells by binding to specific cell surface 
tyrosine kinase receptors. However, the exact mode of action of basic FGF is 
complex and also appears to involve an interaction with cell-surface heparan sulfate 
proteoglycans. It has been shown that heparan sulfate is essential for the activation of 
the high-affinity FGF receptor by basic FGF. Chinese hamster ovary cells defective 
in heparan sulfate were found not to respond to basic FGF. Additionally, it was 
found that activity was restored when exogenous heparan sulfate was then added. °1 
It was suggested that heparan sulfate induces a conformational change in 
basic FGF which is a prerequisite for binding to the signal transducing receptor. 
Further work by Guimond et al.t"l has led to the proposal that heparan sulfate 
bridges both the growth factor and the receptor (Figure 2). 
I surface 
an sulfate 
Figure 2. Proposed interaction between basic FGF, heparan sulfate and the basic 
FGF receptor 
It has also been reported in the literature, U 2131 that a specific tetra-
decasaccharide sequence [oligo-H (3)] of heparan sulfate has been identified as being 
involved in the binding and activation of basic FGF (Figure 3). 
OH 
Figure 3. Oligo-H 3 
1.1 Sulfated saccharides as synthetic targets 
1. ].1 Anti-cancer drugs 
The potential to develop novel classes of therapeutics based on naturally 
occurring sulfated saccharides exists as they are endowed with a number of 
important biological processes. For example, there exists the potential to develop a 
4 
possible anti-cancer drug based on heparan sulfate due to its interaction with basic 
FGF. 
If an inhibitor of basic FGF could be developed that would prevent the 
interactions/binding with heparan sulfate, then no biological response would occur, 
hence angiogenesis and tumour growth would stop. 
However, the potential use of heparan sulfate, oligo-H 3 and other sulfated 
saccharides as therapeutics has not been fully realised due to the complexity in both 
the nature and synthesis of these classes of compounds. Indeed, the first synthesised 
fragments of heparan sulfate were only reported in 1983, nearly seventy years after 
heparan sulfate itself was first discovered. [14) 
1. 1.2 Strategies for the synthesis of sulfated saccharides 
A characteristic feature of saccharides attached to proteins and lipids is the 
almost limitless number of distinct structures that can be produced by assembling 
different combinations of monosaccharides into oligosaccharides. 1 ' 51 The number of 
different possibilities is enormous because the number of different monosaccharides 
is huge, monosaccharides can be assembled in many different types of linkages and 
one or more branch points may be present on a single oligosaccharide. 
Modifications, such as sulfation, serve only to provide more structural diversity. 
Large sulfated saccharides similar to oligo-H 3 would therefore prove 
extremely difficult to synthesise. A more realistic approach to developing lead 
compounds based on the glycosaminoglycans would be to try to find small 
compounds that would mimic the smallest and the most essential fragments of 
heparin and heparan sulfate that are involved in the binding to the growth factor. 
An example of this type of approach was reported by Wessel et alJ'61 who 
synthesised highly sulfated tetrasacchandes that had a heparin-like anti-proliferative 
activity on smooth muscle cells (Scheme 1). 
To arrive at model saccharides that could be synthesised in a straightforward 
manner the authors made the following assumptions: carboxyl-reduction and 
subsequent sulfation of heparan sulfate did not decrease the smooth muscle cell anti-
proliferative activity and N-sulfates in glucosamines could be replaced by 0-sulfates. 
5 
These assumptions reduced the &D-glucüronic acid- a-(l---*4)-D-glucosamifle 
backbone of heparan sulfate 4 to a simple (I.-*4)-glucan with alternating a- and ,& 
linkages 5 (Scheme 1). 
OH 
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Scheme 1. Heparan sulfate backbone simplified to an a, 1&( 1 .—*4)-glucan 
1.1.3 Simple sulfated saccharides 
If the assumptions proposed by Wessel et al. 1 
1 61 are considered to hold true in 
general, and ignoring connectivity and stereochemistry, there still exists a vast 
number of possible simple sulfated saccharides (Figure 4). It is feasible that any one 
of the sulfated compounds in Figure 4 may be an inhibitor of basic FGF. 
It can therefore be concluded that Wessel's assumptions 
 [1 61 alone are not 
sufficient to make the synthesis of large libraries of simple sulfated saccharides 
practical. 
6 
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Figure 4. Examples of some possible simple sulfated saccharides (ignoring 
connectivity and stereochemistry) 
One way to further simplify procedures would be to employ a combination of 
orthogonal protecting groups and selective methodology. The selective methodology 
would help reduce the number of different orthogonal protecting groups required. 
Additionally, solid phase synthesis offers the potential of generating libraries of 
compounds quickly and easily. It would therefore be ideal if an orthogonal/selective 
methodology approach on the solid phase could be developed so as to allow the 
generation of libraries of sulfated saccharides for screening. If successful, such a 
strategy may also lead to the synthesis of polymer-bound, fully deprotected 
saccharides for use directly and repeatedly in biological assays. (171 
Monosaccharides are both functionally rich and conformationally rigid and so 
would prove to be extremely valuable as molecular scaffolds.[S] Effective 
techniques, procedures and syntheses that would create libraries of carbohydrates 
would also have a great impact on combinatorial chemistry drug discovery 
programmes. 
1.2 Solid phase synthesis 
7 
1.2.1 Solid phase organic synthesis 
Originally conceived as an efficient alternative for the synthesis of peptides 
in 1963 by Merrifield, 91  solid phase organic synthesis procedures have since been 
adapted for the preparation of other oligomers and non-polymeric compounds. 
Currently, the use of solid phase organic synthesis is particularly important in 
combinatorial organic synthesis for the preparation of "chemical libraries" which are 
believed to be potential sources of new lead compounds for drug discovery. 
Solid phase methodologies exhibit several advantages over conventional 
solution chemistry: (201  
• excess reagents can be used to drive the reaction to completion as these 
can be washed away when the reaction is finished 
• undesired side-reactions between substrates, such as cross-linking, can be 
suppressed by using supports which have a low loading of the substrate 
• the procedures are greatly simplified, as the covalent binding of the 
product to the support eliminates time-consuming purification and 
isolation steps 
• the synthesis can be automated, which is particularly important for its 
application in combinatorial chemistry. 
1.2.2 Polymer systems 
In keeping with solid phase organic synthesis in general, there are a wide 
variety of polymer systems from which to choose from for solid phase 
oligosaccharide synthesis. Selection of the correct polymer system will depend upon 
its properties and suitability to the reaction conditions. For example, Merrifield resin 
is a commonly used support in solid phase oligosacehande chemistry, which could 
perhaps be attributed to its success in solid phase peptide synthesis. However, use of 
this resin is limited by the fact that it is solvent and temperature dependent. 21 ' 
Controlled Pore Glass is a porous, non-swellable, rigid matrix and provides 
an alternative to Merrifield resinJ 22' Its usefulness in solid phase oligosaccharide 
8 
chemistry has recently been demonstrated by Adinolfi et al.1231  who carried out solid 
phase glycosidation of oligonucleotides using Controlled Pore Glass as the support. 
Recent developments have seen the grafting of polyoxyethylene onto 
polystyrene crosslinked resins to produce Tentagel®  and related resins. These resins 
have greatly improved swelling properties in polar solvents, albeit that they have 
lower loading capacities in comparison with polystyrene-based resins. 
Soluble polymer supports, which allow homogeneous rather than 
heterogeneous reactions to occur, are also used in solid phase oligosaccharide 
chemistry. These polymer systems have the advantage that non-destructive analysis 
of resin-bound substrates can be performed. Examples of soluble homopolymers are 
given in Figure 5. 
O 	NH2 	
OH 
Polyacrylamide 	Polyethylene glycol 	Polyvinyl alcohol 	
Polystyrene 
(non-cross linked) 
Figure 5. Soluble homopolymers 
1.2.3 Difficulties associated with solid phase oligosaccharide chemistry 
The development and application of solid phase chemistry for peptides, 
oligonucleotides and small molecules is demonstrated by the wide coverage received 
in the literature. 124561  However, unlike peptides and oligonucleotides, solid phase 
oligosaccharide chemistry has proven to be less straight forward. There has been a 
number of contributing factors that have hindered the development of 
oligosaccharide chemistry on the solid phase: 
the high acid lability of the glycosidic linkages have made developing 
efficient linkers difficult 
. the extensive protection and deprotection steps required 
9 
o the difficulty in controlling the stereo- and regiochemistry of each 
glycosidic linkage. 
1. 2.4 The linker component in solid phase chemistry 
When reproducing a chemical reaction that can be performed in solution on 
the solid support, it is often observed that the experimental conditions used in 
solution are not compatible with the solid phase. As a result it is not unusual to 
design or modify procedures for solid phase synthesis. 
One of the most decisive aspects to take into account in solid phase chemistry 
is the selection of a linker, which is the component used to tether the substrate to the 
solid support. The linker used must meet several criteria: 
• it must provide the substrate with an easy loading onto the solid support 
• it must be stable during synthesis 
• it should contain a functional group that will allow it to be cleaved 
selectively when desired (normally at the end of a synthetic sequence) 
• it must be cleaved in high yield without affecting the structure of the 
desired product to be cleaved from the solid support. 
Although wide ranges of linkers are currently available, relatively few have 
been designed for the immobilisation of saccharides onto the solid support. 
Commonly used linkers such as the 4-hydroxymethylphenoxYacetic acid (HMPA) 
linker 6 (Figure 6) are invariably cleaved by the use of strong acids such as 
trifluoroacetic acid (TFA). For acid labile saccharides such conditions are obviously 
not suitable. This problem has led to specific linkers being designed which are 






Figure 6. The HMPA linker 
1.3 Linkers for oligosaccharide solid phase chemistry 
1.3.1 Ester linkages 
Arguably the most commonly reported type of linkage that appears in the 
literature for solid phase oligosaccharide synthesis is the ester linkage. This is in 
spite of several limitations that such a linker provides. For example, ester linkages 
are base labile and in acidic conditions they are prone to migrations. 
Despite these limitations there are a number of reports in the literature where 
base labile succinate linkers have been employed for linking a range of substrates to 
solid support. Krepinsky et al.t271 reported on the use of a succinate ester linkage in 
attempting the polymer-supported solution synthesis of oligosaccharides. The 
authors used a method that would combine the anomeric control afforded by solution 
chemistry with the ease and speed of a solid phase work-up. 
Carbohydrates were linked through ester linkages of succinic acid to 
poly(ethylene glycol)mono-methyl ether (PEG) support. The glycosidation reaction 
could then be driven to completion by repeated additions of the glycosylating 
reagent. The PEG-bound product could subsequently be precipitated for purification 
using diethyl ether or tert-butyl methyl ether. Cleavage of the desired product from 
the support was achieved via 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) catalysed 
methanolysis in dichloromethane (DCM). Krepinsky also reported that unexpected 
complications caused by the low stability of the PEG-anomeric carbon bond made 
anchoring PEG to the anomeric carbon unpractical. 128 ' 
As previously stated (Section 1.2.2), Adinolfi et al.1231 has used Controlled 
Pore Glass as the solid support in the solid phase glycosidation of oligonucleotides. 
Adinolfi has also reported on the use of Tentagel ® and polystyrene in the solid phase 
synthesis of a glyconucleotide conjugate. 291  In both reports, and in a similar fashion 
to the work of Krepinsky, 127'281  the carbohydrate substrates are anchored to the solid 
supports via a succinic bridge involving a hydroxyl group of the carbohydrate 
substrate and the native amino function of the resins (Scheme 2). 
Solid phase glycosidation was subsequently performed using the 
trichioroacetimidate methodology. 
[30,31,32.331 Cleavage of the resin-bound products was 
performed using a 32% aqueous ammonia solution for Tentagel and Controlled 
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Scheme 2. Succinic ester linkage 
Use of an ester linkage was also reported by Halcomb et al. 
1141 in the 
synthesis of tetrasaccharide units believed to be possible inhibitors of H-pylon and 
E-selectin. The authors opted for a linker that could be cleaved under basic and/or 
neutral conditions since some of the glycosidic linkages might not withstand acidic 
cleavage conditions. The technique of Gisin' 35 '36' was utilized to attach the 
carbohydrate acceptor moiety to the solid support. The method involves a 
nucleophilic displacement of a halide on the support-bound linker with the caesium 













(R = carbohydrate) 
Scheme 3. Gisin's method of forming an ester linkage 
Although Halcomb used hydrazine to cleave the ester linkage, such a reagent 
would not be suitable as a general cleavage reagent as it does not show selectivity. It 
may, for example, cleave acyl-protecting groups. 
Gisin's technique of forming an ester linkage was also put to use by van 
Boom et al.t371 who described a solid phase approach to the stereoregular formation 
of a naturally occurring &(1 —+5) linked D-galactofuranosyl heptamer containing the 
artificial linkage arm L-homosenne 13. In this example the authors used basic 
hydrolysis (0.2 M NaOH in MeOH-dioxan, 2 days at 20 °C) to cleave the ester 
linkage and release the desired products from the polymer. 
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Figure 7. van Boom's /3.1 —*5) linked o-galactofuranosyl units 
1.3.2 Trityl linkages 
13 
Whilst carrying out preliminarily studies on the solid phase synthesis of C-
terminal carbohydrate modified enkephalins, Drouillat et al.'381 reported on the 
successful synthesis of a carbohydrate dimer using a trityl linker (Scheme 4). The 
carbohydrate units were linked to one another via an amide bond. 
In contrast to the methods of attaching a saccharide to resin via one of its 
hydroxyl groups, the authors firstly synthesised a glycosamino acid precursor 14 
which was then immobilised on a polystyrene based resin support via a 2-chlorotrityl 
linker. Subsequent methanol capping afforded the anchored compound 15. At the 
end of the synthesis 0.5% TFA was used to release the dimer product. 
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a) 2-Cit resin. diisopropylethylamrne (DIPEA). 
)CM, I h, then MeOH (b) HS(C1-j) 2SH, NEt3, 10 h (c) 14, 
4IH.benzothazole-1-YI)-1 .1 ,3,3tetramethylurOrttUm 
etrafluoroborate (TBTU). 1.hydroxybertzotriazOle hydrate 
HOBt), DIPEA, DMF, I h 
Scheme 4. Synthesis of a carbohydrate dimer utilising a trityl linker 
1.3.3 Ether linkages 
Krepinsky et al.139' developed an ether based linker 18 that is stable to a wide 
range of conditions in response to the shortcomings of ester linkages. Using linker 18 
the authors synthesised D-mannOpefltaOSe, a structural unit of D-manflaflS of 
pathogenic yeast. 
The DOX linker 18 provides a means of attaching monosaccharides by a 
hydroxyl group, including the anomeric position, to polyethylene mono-methyl ether 
14 
(MPEG). The polymer support can be readily prepared via the Williamson ether 
synthesis'"' ) (Scheme 5) where the mono-methyl ether of MPEG 19 is reacted with 
excess a-a'-dichloro-p-xylene 20. The resultant mono-chloride product 21 can be 
either used for incorporation at non-anomenc hydroxyl groups or it can be 
hydrolysed to produce MPEG-DOX, which in turn can be' reacted with 
trichioroacetimidate donors to introduce the linker to the anomeric position. 
Linker 18 is stable to most glycosidation conditions and can be cleaved 
selectively from the MPEG support leaving a protected hydroxyl group, or it can be 
fully cleaved to give the unprotected hydroxyl group using hydrogenolysis. 
n = approx. 110 or approx. 260 
I) NaH, Nal, 96 h 
20 ii) 10% Na2CO3 , 70 °C, 16 h 
30 molar 
equivalents (eq.) 
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Scheme 5. Synthesis of DOX linker 
1.3.4 Silyl ether linkages 
Danishefsky et al. 14 t1 has published extensively on a strategy for synthesising 
glycosidic linkages in solution phase using glycals. Recent work has shown that this 
method can be applied to the solid phase. 112) Glycals 22 were attached to a divinyl-
benzene styrene co-polymer through a silyl ether bond 23 (Scheme 6) and activated 
to function as glycosyl donors with 3,3-dimethyldioxirane. A coupling cycle, which 
consisted of epoxidation to give a 1 ,2-anhydro derivative, followed by glycosidation 
using a protected glycal as the acceptor was reported with yields in the order of 70%. 
15 
The desired size of oligosaccharide could be synthesised by repeating this cycle. The 
final product was cleaved from the support using fluoridolysis. However, this 
cleavage method may result in the removal of certain protecting groups. 
More recent studies have found that a diisopropylsilyl linker is superior to the 
diphenylsilyl linker. 1431  Danishefsky's glycal methodology has also had a 
considerable influence in the field of glycopeptides.'"' 
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Scheme 6. Synthesis of polymer-bound glycals 
1.3.5 Thio ether linkages 
In 1989 Kahne et alJ451  reported on a novel method for glycosylation using 
anomenc sulfoxides. Upon activation under mild conditions anomeric sutfoxides 
were found to generate extremely reactive glycosyl donors, even at low 
temperatures. 
Due to their remarkable reactivity, Kahne et al. 
1411 recently applied this 
technique to the solid phase where a thiophenyl ether linkage was used to attach the 
substrate to Merrifield's resin 26 (Figure 8). Favourable partitioning into the non-
polar matrix of the resin by the relatively non-polar activating reagent triflic 
anhydride (Tf20) and glycosyl sulfoxide was an additional feature that augured well 
for this method. 
16 
Kahne linked the first monosaccharide unit to the resin using the caesium salt 
of a p-hydroxythiophenyl glycoside. He then went on to not only synthesise (I —p6)-
linked oligosaccharides on the solid phase, but also established that both a and /7 
glycosidic linkages can be formed stereospecifically and in high yield to secondary 
alcohols on insoluble resin. The thioether linkage was cleaved at the end of each 
synthetic sequence by hydrolysis with the highly toxic reagent mercuric 
trifluoroacetate. It was also found that thioether linkages are unstable to electrophilic 
reagents (alkylating, acylating) and oxidants such as m-chloroperbenzoic acid 
(mCPBA). 
OPiv OH 	 - 
PivO 	 S 
OPiv 
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Figure 8. Resin-bound anomeric sulfoxide 
The instability of thio ether linkages towards oxidising reagents was used 
advantageously by Schmidt et a1. 3  who developed an alkyl thiol linker with the 
intention that it would be oxidatively cleavable by the thiophilic reagent 
dimethyl(thiomethyl)sulfonium tetrafluoroborate (DMTSB). 
Employing trichloroacetimidates as sugar donors in solid phase 
oligosaccharide synthesis, the use of this linker allowed Schmidt direct attachment of 
carbohydrate substrates to chloromethylated polystyrene resin and a fast and 
convenient quantitative monitoring of all solid phase reactions. The linker can be 
attached to the resin in two possible ways: S-dimethoxytrityl-protected 
mercaptoethanol is treated with the resin, preferably with sodium 
hexamethyldisiloxane (NaHMDS) as base, and then deprotected with TFA!DCM to 
yield a 0.2 mmol g' loading. Alternatively, propane-1,3-dithiol can be attached to 
the resin with DBU as basel"I to give a thiol concentration of 0.6 mmol g' without 
the need for a deprotection step (Scheme 7). 
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HS SH DMTSB, (2eq.), DIEA (2eq.), 
28 	 DCM/MeOH (9:11, R.T.. I h 
(10 eq.) 
Scheme 7. Diagram showing coupling and cleavage conditions for alkyl thiol linker 
1.3.6 Disulfide linkages 
Studies by Blixt et al!"I into the polymer supported synthesis of the complex 
carbohydrates Lewis' and Sialyl Lewis' described the use of a disulfide linkage. 
Disaccharide acceptors were attached to activated thiopropyl Sepharose resulting in 
the formation of a disulfide linkage. The resin-bound substrate 30 (Figure 9) was 
then treated with guanidine diphosphate (GDP) fucose and fucosyltransferase to 
yield a resin-bound Lewis' trisaccharide. The trisaccharide could subsequently be 
cleaved from the support by reaction with mercaptoethanol. Blixtt 4t ' then went on to 
discover that the length of the linker had a profound effect upon the yield of the 
enzymatic reaction (increasing the length of the linker gave higher yields). 
OH OH 	
OH 




OH 	 0 	 OH 
30 
Figure 9. Sepharose-bound disaccharide 
13.7 Tetrahydropyran (THP) ether linkage 
As silyl ether, ester and tntyl linkages exhibit a high lability to nucleophilic 
or basic reagents, Eliman et al.1501  investigated a new method for attaching alcohols 
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to solid support that would avoid these limitations. Consequently, dihydropyran-
functionalised Merrifield resin 31 (Scheme 8)was reported to provide a general and 
straightforward method for alcohol attachment through the base-stable THP ether 
linkage. Acid catalysed attachment was found to give high loading levels for 
primary, secondary and functionalised alcohols, although tertiary alcohols were 
found to give only poor loadings. The alcohols were readily cleaved from the support 
by treatment with 3-[5-(sulfophenyl)-2-pyridyl]- 1,2,4-triazin-5-ylbenzenesulfonic 
acid (PPTS) in 1:1 butanolll ,2-dichloroethane. The authors did not report on the 





Scheme 8. LIlman's THP linkage 
1.3.8 Phozolabile linkers 
Linkers that can be cleaved photolytically have been successfully applied to 
solid phase peptide synthesis. Rich and Guwara' 51 ' reported on the use of a 
nitrobenzyl functionalised resin which could be efficiently cleaved in methanol at 
350 nm. 
As photolabile linkers are cleavable under neutral conditions they would 
prove especially useful in solid phase oligosaccharide chemistry. Indeed, there have 
been a variety of reports within the literature where this fact has been exploited and 
photolabile linkers have successfully been applied to solid phase oligosaccharide 
synthesis. For example, Zehavi et al.1521  obtained lactose derivatives by the action of 
galactosyltransferase on saccharide units which were attached to a soluble 
polyvinylalcohol polymer via a photolabile linkage. In a similar piece of work, 
K6ppert 53 t carried out polymer-supported enzymatic glycosidations and used a linker 







Figure 10. Rich's photolabile linker 
Photolabile linkers based on Rich's linkerT 54551  33 (Figure 10) have been 
prepared and applied to solid phase oligosaccharide chemistry, for example by 
Nicolaou et al.,I"I who synthesised a heptasaccharide phytoalexin elicitor. 
A further derivative of Rich's linker 33 was developed by Fraser-Reid,t 57581 
where a six carbon chain was incorporated into the linker to remove the problems of 
lactonisation and elimination. This linker 34 (Figure 11) was then utilised in an 
investigation into the possible solid phase synthesis of a branched trimannan 
oligosaccharide. Photolytic cleavage, under neutral conditions, of perbenzyl 




Figure 11. Fraser-Reid's photolabile linker 
Despite the fact that photolabile linkers are cleavable under neutral 
conditions, such linkers also have a disadvantage associated with them. To avoid 
premature cleavage, photolabile linkers present the problem that synthesis has to be 
20 
carried out in the absence of light, unless some form of safety catch is incorporated 
within the linker (which in turn adds to the number of synthetic steps in the 
pathway). 
1.4 Enzyme cleavable linkers 
1.4.1 The use of enzymes in solid phase chemistry 
There are a number of reports within the literature describing the use of 
enzymes in solid phase synthesis, [34,48,49,52,531 but relatively few where they are used to 
cleave a linker. Enzymes would be particularly useful to effect the cleavage of 
substrates, such as oligosaccharides, from the solid phase as they act catalytically 
under mild conditions and are highly selective in recognising specific substrate 
structures. 
However, the main problem in performing enzymatic reactions on the solid 
phase is the limited accessibility of the enzyme to the polymer-bound substrates due 
to the steric hindrance of the matrix. Ideally, a resin should be suited for both 
chemical and enzymatic transformations, but it is difficult to determine which resin 
is most suitable for use in enzymatic reactions. Direct comparisons can not be drawn 
between resins used in different studies as they may differ slightly in composition or 
have been derivatised with spacers. These factors can greatly influence the suitability 
of a resin for use with enzymes. 
The types of resin that have been successfully used with enzymes fall into 
two broad categories: those where the reaction occurs at a functionalised surface, for 
example Controlled Pore Glass, or where the resin swells to allow penetration by the 
enzyme, for example PEGA® resin. 
1. 4.2 Existing enzyme cleavable linkers 
The first enzyme-cleavable linker was reported in 1992 by Elmore el al.1591 
who described the use of a linker 35 (Figure 12) which could be cleaved by a 
phosphodiesterase. Utilising linker 35, the authors synthesised short peptides using 
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symmetrical anhydrides of 9-fluorenylniethyl (Fmoc) amino acids. The Fmoc group 
was removed by treatment with a solution of 20% piperidine in N,N-
dimethylformamide (DMF) and the O-tert-butyl group was removed using TFA. 
Treatment with calf-spleen phosphodiesterase (EC 3.1.16.1) resulted in the release of 
the p-hydroxymethylbenzyl ester of the peptide from the solid support. 
o 	 o 	 OH 
H 	 H 	 o_ 
35 
Figure 12. Elmore's phosphodiesterase cleavable linkage 
Recently, there have been several reports within the literature describing the 
use of novel a-chymotrypsin (EC 3.4.21.1) cleavable linkers. These linkers were 
designed to exploit the fact that the enzyme a-chymotrypsin can hydrolyse the C-
terminus acyl group of phenylalanine (the enzyme hydrolyses this acyl group 
whether it forms part of a peptide amide linkage or an ester linkage). Yamada et 
al.' attached N-acetyl-D-glucosamine to a novel support through an a-
chymotrypsin-sensitive spacer. This allowed for the facile synthesis of a 6-
aminohexylglycoside of a sialooligosaccharide. Galactosyl and sialyltransferases 
were used to synthesise the polymer-bound sialotrisaccharide derivative, which was 
then easily removed from the support by treatment with a-chymotrypsin in buffer. 
Wong et al. t61 1  also described the development of a linker 36 (Figure 13) 
which could be cleaved by a-chymotrypsin. The authors described the solid phase 
synthesis of a glycopeptide that involved both chemical peptide synthesis and 
glycosyltransferase catalysed saccharide chain elongation. Treatment with a-
chymotrypsin resulted in the released glycopeptide retaining part of the enzyme 
recognition site. (A similar case was also observed in Elmore's phosphodiesterase 
cleavage, which resulted in the release of a peptide ester). Wong noted however that 
the phenylalanine residue could subsequently be removed enzymatically and hence 







Figure 13. Wong's linker 
1.5 Exo-enzyme cleavable linker 
1.5.1 Endo-enzyme cleavable linkers 
A current limitation to both Wong's and Elmore's methodologies is that they 
require the use of endo-enzymes such as the endo-peptidase chymotrypsin. Endo-
peptidase enzymes cleave a susceptible internal bond towards the middle of a chain. 
This not only limits the methodology to the very small number of endo-peptidase 
enzymes available, but it also restricts the structure of molecules that may be 
generated, for example the Wong method will always generate compounds 
containing a C-terminal phenylalanine. Although the "tag" could in principle be 
cleaved enzymatically, this would introduce several additional steps in the reaction 
sequence. 
1.5.2 An exo-enzyme cleavable linker 
If the receptor site for enzymatic cleavage is positioned on an external side-
chain between the reactant and the solid support, then the substrate should be 
released with no part of the recognition site remaining in the cleaved product 
(Figure 14). The enzyme used to effect such a cleavage may be described as an exo-
enzyme by analogy with exo-peptidases, which cleave a susceptible peptide linkage 





Figure 14. Exo-enzymatic cleavage 
There are a wide range of exo-enzymes that can cleave the "X-Y" bond. Once 
"X-Y" is cleaved the linkage between "Z" and the support becomes highly 
susceptible to hydrolysis. The exact enzyme to be used in a cleavage reaction will be 
determined by the structure of "Y." 
1.5.3 Penicillin amidase 
The exo-enzyme penicillin amidase (penicillin aminohydrolase; EC 3.5.1.11), 
from Escherichia coli, hydrolyses amides of phenylacetic acid. The structure of the 
enzyme complexed with phenylacetic acid shows that the phenyl moiety points into a 
mainly hydrophobic pocket which is lined with many aromatic residues and 
hydrophobic side-chains. On this observation, an exo-linker that has a 







I z = 0, NHI 
Figure 15. Enzyme recognition site for penicillin amidase 
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1.5.4 An e,xo-linker cleavable by penicillin amidase 
Derived from the structure highlighted in Figure 15, the structure of a linker 
that would be cleavable by treatment with penicillin amidase was determined. The 
resultant compound, exo-linker 1 (Figure 16), was synthesised to meet these 
requirements .1613 Linker 1 can be attached to solid support via the terminal amine 
group and, in the presence of a thiophilic reagent such as N-iodosuccinimide (NIS), 
the thioethyl group can be displaced by an alcohol or amine. 
Attach to solid 
Enzyme recognition 	 support via amine 
	





by displacing SEt 
Figure 16. An eo-linker cleavable by penicillin amidase 
To illustrate its feasibility, a soluble form of linker I was hydrolysed by 
penicillin amidase to give the expected three products (Scheme 9). It was 
subsequently shown that linker I could be coupled to solid support then cleaved 











Scheme 9. Cleavage of a soluble form of linker 1. The linker 37 included a soluble 
carbohydrate carrier 
The non-enzymatic hydrolysis of linker 1 may be effected under acidic (0.06 
M p-toluenesulfonic acid [TsOH]) conditions. It was noted in this case that 
phenylacetamide rather than phenylacetic acid was obtained, thus indicating that the 
reaction is enzyme-catalysed and that it can still occur despite the presence of 
unnatural substituents, as would be the case in solid phase form. 
1.6 Project aim 
The aim of this project is to develop an efficient synthetic route to exo-linker 
I and to subsequently determine its suitability for use in solid phase oligosaccharide 
chemistry. To demonstrate this suitability it is planned to synthesise saccharide 
building blocks in solution and couple them to solid support via linker 1. Various 
reactions will then be performed on the support-bound saccharides before the 
products are retrieved from the support. 
26 
A variety of selective reactions, both enzymatic and chemical, will be studied 
on the solid phase. Particular attention will be paid to sulfation and esterification 
reactions. This should ultimately lead to a range of sulfated oligosaccharides related 
to partial structures of heparin sulfate for testing. In addition, it is hoped to gain an 
understanding of the selectivity of reactions on the solid phase, which could lead to 
new solid phase methodologies that would not be restricted to carbohydrate 
chemistry. 
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2 Results And Discussion - Solution Phase Synthesis of 
Linker 1 
2.0 Synthesis of N1_(4_(3aminopropyIcarbamOyI)PheflYI(ethylsutfanYt) 
methyl)-2-phenylacetamide (1) 
The structure of exo-linker 1 can be considered as being comprised of three 
basic components: a spacer component; a site for the attachment of alcohols and the 
enzyme recognition site for cleavage (SchemelO). 
NNH2 
F,-S Ft 7e 	 Spacer Component —NH 2 
Scheme 10. Exo-linker 1 comprised of three basic components 
The initial steps of the synthetic sequence leading to linker 1 involved the 
synthesis of the spacer component. Treatment of 1-chloro-3-propylamine 
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hydrochloride 41 with sodium azide in water, then potassium hydroxide afforded 3-
azido-l-propylamine 42 in an overall yield of 65% (Scheme 11).(631 
Azide 42 was then coupled to carboxybenzaldehyde 43 to form the amide 
bond. Carboxybenzaldehyde 43 was initially activated towards amide bond 
formation by treatment with thionyl chloride to give the acid chloride in quantitative 
yield. Reaction of the resultant acid chloride with azide 42 afforded amide 44, 
(which can be regarded as the spacer component), in a yield of 55%. 
The strategy that would allow for the introduction of the phenylacetamide 
moiety to amide 44 was based on benzotnazole chemistry reported by Katritzky et 
a1. 65661  Whilst investigating a two-step procedure for the N-alkylation of amides 
Katritzky established a general methodology in which benzotnazole, an aldehyde 
and an amide would react together in a one-pot reaction with the elimination of water 
to form a 1:1:1 adduct (Scheme 12). Adopting Katritzky's strategy, equimolar 
amounts of phenylacetamide, benzotriazole and amide 44 were refluxed in toluene to 
afford the benzotriazole adduct 45. The reaction was carried out in Dean-Stark 
apparatus to azeotropically remove the water side-product formed and hence drive 
the reaction to completion. The benzotriazole adduct 45 contains both the spacer 
component and the enzyme recognition site (Scheme 10), with the benzotriazole 
group offering a potential site of attachment for alcohols. 
Initially, yields for the formation of benzotriazole adduct 45 were capricious. 
Various attempts were made to overcome this problem such as adding drying agents 
to the reaction vessel or by increasing the temperature of the reaction. Although all 
attempts failed it was noted in the process that the reaction always proceeded in both 
a higher yield and in a more reproducible fashion if carried out on a larger scale. It 
was therefore suggested that on a large scale the reaction is being catalysed by the 
slightly acidic benzotriazole, but on smaller scale this effect is negligible and hence 
the reaction yields are less. Consequently, the reaction was found to be more 
reproducible when catalytic amounts of TsOH were added to the reaction mixture, 
which resulted in benzotriazole adduct 45 being obtainable in yields of 62%. 
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Scheme 11. Synthetic pathway to linker 1. Reagents and conditions: (i) NaN31  water, 
reflux, 16 h (ii) Et20, KOH (iii) SOC121  tetrahydrofuran (THF), reflux, 1-2 h (iv) 42, 
THF, room temperature (R.T.), 1-2 h (v) PhCH 2CONH 2 , benzotriazole, cat. TsOH, 
toluene, reflux, 16 h (vi) EtSNa, THF, R.T., I h (vii) Ph 3 P/water, THF, R.T., 48-72 h 
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A further difficulty associated with the formation of benzotriazole adduct 45 
was the purification step. Crude benzotriazole adduct 45 initially proved difficult to 
separate from the reaction mixture as its Rf value was similar to both benzotriazole 
and phenylacetamide. Additionally, purification via re-crystallisation, as reported in 
the literature, 1  failed in our case. These facts therefore resulted in a laborious 
column chromatography purification procedure that was the bottleneck in the 
synthesis of linker 1. However, an efficient purification method was developed 
which firstly involved triturating the crude product in ether. This removed the 
benzotriazole and amide 44 starting materials from the mixture and allowed for 
adduct 45 to then be separated from unreacted phenylacetamide by dry-flash 
chromatography [petroleum ether (PE):ethyl acetate (EtOAc) (2:1)]. 
In terms of leaving group characteristics, the benzotriazole group of adduct 
45 closely resembles that of a chloride group and can be displaced by strong 
nucleophiles. However, the benzotriazole group can not be displaced by relatively 
poor nucleophiles such as alcohols. 671 
Consequently, the third stage in the synthesis of linker 1 involves the 
displacement of the benzotriazole group of adduct 45 by a thioethyl group. The 
resultant thioethyl group can be activated by a thiophilic reagent to become highly 
susceptible to nucleophiles, such as secondary alcohols for example. The thioethyl 
derivative 46 was easily obtained with minimum purification in yields of 95% by 
treatment of adduct 45 with ethylthiolate sodium salt in THF. 
To complete the synthesis of linker 1 the azido group of the thioethyl 
derivative 46 was reduced using triphenylphosphine and water in THF. The resultant 
primary amino group acts as the linker's point of attachment to solid support. The 
reduction typically took 48-72 h to go to completion depending on the amount of 
starting material and gave linker 1 in yields greater than 95%. It was subsequently 
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Scheme 12. Proposed mechanism for the formation of benzotriazole adduct 49. The 
reaction probably involves the formation of a hydroxyalkylbenzotriazOle 
intermediate 48 that subsequently reacts with the amide. 
2.1 Use of 	 (EEDQ) in the 
synthesis of linker I 
Amide 44 is synthesised from carboxybenzaldehyde 43 and amine 42 in a 
two-step process which involves the activation by thionyl chloride and typically 
occurs in a yield of 55% (Scheme 11). However, large amounts of thionyl chloride 
were required if the synthesis was performed on a large scale and it was also found 
that the excess thionyl chloride proved difficult to remove at the end of the reaction. 
In order to simplify the synthetic sequence leading to linker I an alternative 
method to form the amide bond was required that did not involve formation of an 
intermediate acid chloride. It was found that the formation of amide 44 from 
carboxybenzaldehyde 43 and amine 42 could be performed in a straight forward one-
pot reaction using EEDQ as the coupling reagent (Scheme 13) . [68 1 It is thought that 
carboxybenzaldehyde 43 reacts with EEDQ to form a mixed carbonic anhydride 
which is consumed by aminolysis as soon as it is formed. This fast in situ reaction 
means that side-reactions have only a minimal chance of occurring. The EEDQ 
reaction is less time-consuming than the thionyl chloride reaction, with the work-up 
being simple as the by-products generated are carbon dioxide, ethanol and quinoline. 
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As it also gives slightly increased yields (greater than 60%) in comparison to the use 
of thionyl chloride, the use of EEDQ subsequently became the preferred method to 
synthesise amide 44. 
0 










Scheme 13. Synthesis of an amide bond using EEDQ 
2.2 Chapter summary 
The solution phase synthesis of the novel exo-linker 1 was achieved in good 
yield via a five-step synthesis (Schemes 11 and 13). The pathway, in which the key 
step involves benzotriazole chemistry similar to that described by 
[64,65,661 
 
can be performed reproducibly to yield linker 1 in gram quantities. 
2.3 Future work - synthesis of linker 1 
The solution phase synthesis of linker 1 involves the handling of compounds 
containing azide functional groups. Although the azide compounds involved in the 
synthesis of linker 1 have relatively high molecular weights they are still potentially 
hazardous. Consequently, synthesising a form of linker I on the solid phase merits 
investigation, as this type of approach would avoid the use of azides. 
Tentative studies by colleagues within the Flitsch group has led to a version 
of linker I being synthesised on the solid phase." The key step in the synthesis of 
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the resin-bound linker 50 is performing the behzotriazole reaction on the solid phase 
(Scheme 14). 
Solid phase synthesis of an exo-linker would also greatly simplify the 
purification of reaction products and hence speed up the overall synthesis. Therefore, 
in order to improve upon the optimised solution-based synthesis of exo-linker 1 
(Scheme 11) attention should focus on solid phase methodologies. 
H 	
hCH2CONH2, Ph( 
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Scheme 14. Synthesis of a resin-bound exo-linker 50 
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3 Results And Discussion - Solution Phase Synthesis of 
Saccharide Building Blocks/Substrates 
3.0 Synthesis of 2h ydroxy_ethyl 4,6-O-benzylidene D-gIucoPYranOslde (59) 
Having devised an efficient synthetic pathway to exo-linker 1 in solution 
(Section 2.0) and then establishing that it could be attached to solid support (Section 
4.0), the applicability of linker I for use in solid phase oligosaccharide chemistry 
remained to be demonstrated. To achieve this it was planned to synthesise saccharide 
building blocks in solution, attach them to solid support via linker 1 and perform 
various reactions before ultimately retrieving the desired products from the support. 
The first stage of this strategy involves the synthesis of suitable saccharide 
building blocks in solution for subsequent attachment to solid phase. The saceharide 
building blocks/substrates should contain a functional group, or site, that would 
allow for their attachment to solid support. Additionally, it would be desirable to 
construct the saccharides so that they would also contain additional functional 
groups that act as sites of diversity, which could be exploited in reactions to be 
performed upon the resultant solid support-bound species, such as library generation 
for example. 
Carbohydrate acetates are known as synthetic products that often show 
favourable crystalline properties. Therefore, with the promise of a relatively 
straightforward purification procedure, the synthesis of the ethylene glycol derivative 
53 was performed. The ethylene glycol derivative 53 was obtained exclusively as the 
15.anomer in a yield of 67% by following a procedure reported by Karjala et al. 
1 691 
(Scheme 15). 
The stereo-selectivity of the reaction can best be explained by assuming that 
the tetra-O-acetyl-D-glucopyranOSYl bromide 54 (either a- or 1&anomer) undergoes a 
spontaneous SN  1 loss of bromide ion. The resultant cationic centre at Cl experiences 
neighbouring group participation from an oxygen atom of the ester group at C2 to 
form a stabilised oxonium ion intermediate 55. Since the ester group at C2 is on the 
underside of the glucose ring, the new carbon-oxygen bond also forms from the 
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underside. An S N2 displacement of the oxonium ion by backside attack at C  then 
occurs with inversion of configuration, yielding the ,5.glycoside 53 and regenerating 
the acetate ester group at C2. 
The ethylene glycol spacer was attached to the anomeric position of the 
bromide derivative 54 with the aim that the resultant ethylene glycol derivative 53 
could be attached to solid support via the primary hydroxyl group of the glycol 
chain. The advantage of this would be that the glycol chain would act as a spacer 
between the carbohydrate and the linker attaching it to solid support, thereby 
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Scheme 15. Synthesis of 2'hydroxy-ethyl-tetra-0-acetyl-/3.D-glucOPYranoSide 53 
To determine the loading of substrates onto solid support the support-bound 
substrate is exposed to conditions that induce cleavage (Section 4.0. lii). The amount 
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of substrate released into solution is monitored by ultra violet (UN.) absorbance via 
high performance liquid chromatography (HPLC). Cleavage is assumed to be 
quantitative so that the extent of the initial substrate loading onto solid support can 
be determined from the amount of cleavage product observed (by comparison with 
standards). 
Ethylene glycol derivative 53 does not contain a chromophore, which meant 
that observation of the amount of cleavage product was not possible by HPLC and 
therefore subsequent calculation of the loading could not be accomplished. Although 
it was possible to detect the ethylene glycol derivative 53 cleavage product by mass 
spectrometry (MS), this technique is not quantitative which meant that the loading 
could not be determined. 
In order to obtain an accurate understanding of how well carbohydrates 
couple to solid support via linker 1 it was therefore necessary to alter the protecting 
groups of the ethylene glycol derivative 53 to generate a carbohydrate that would be 
easily detectable via U.V. absorbance. 
Two methods were used to remove the acetate protecting groups from 
ethylene glycol derivative 53 and the results were compared (Scheme 16). °' 
NaOMe [0.5 M soln. in MCOH], 
MeOH, 2 h, ItT. 
AcO 
ACO7L 
AcO O OH 
HO 
H 
HO O OH 
AcO HO 	 56 
EI3N, MeOH, 
16 h, R.T. 
Scheme 16. Methods of acetate removal 
The first of the two deacetylation methods was based on the Zemplén 
procedure in which sodium methoxide is employed in catalytic amounts in 
methanolic solution. Using this method deacetylation, via trans-esterification, 
occurred in quantitative yields after 2 h at R.T. The second method, involving the use 
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of triethylamine, occurred in a yield of 80% after a reaction time of 16 h. Taking 
these observations into account, the Zemplén procedure was subsequently deemed 
the more efficient of the two procedures to remove acetate-protecting groups. This 
method offered a less time consuming procedure, occurred in a higher yield and also 
avoided the purification difficulties encountered in the triethylamine reaction, where 
the acetic acid by-product proved difficult to completely remove. 
Two possible procedures were also available to perform the final reaction in 
the synthetic sequence that would lead to an U.V. active carbohydrate. It was 
proposed to selectively protect the C6 and C4 hydroxyl groups of deprotected 
glycoside 56 in the form of a cyclic benzylidene acetal. The benzylidene acetal 
protecting group, like a glycosidic bond, is highly acid labile but is more stable 
towards basic conditions. [71 
The two procedures were performed on the model compound methyl-a-D-
glucopyranoside 57 (Scheme 17) to determine which method was the most efficient. 
The first procedure involved the use of zinc chloride and benzaldehyde, whilst the 
second procedure used benzaldehyde dimethyl acetal in acetonitrile (MeCN) and 
occurred via an acetal exchange mechanism. Although yields were found to be 
similar (75% and 82% respectively), the latter procedure was ultimately the method 
of choice as it required a shorter reaction time. 
Benzaldehyde. ZnCt , 
18 h, R.T. 
	
HO 	 Ph 
HO-,,-.4,- 2' HO 
HO 
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Benzaldehyde dimethyl aeetI. 
TsOH. MeCN, 
3 h, R.T. 
Scheme 17. Synthesis of 	
58 using 
either benzaldehyde or benzaldehyde dimethyl acetal 
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With consideration of the findings from the model reactions, deprotected 
glycoside 56 was then treated with benzaldehyde dimethyl acetal to form the U.V. 
active glycoside 59 (Scheme 18). The benzylidene acetal protected glycoside 59 was 
coupled to solid support via linker 1 (Page 30) and its loading successfully 
determined using HPLC analysis of the cleavage products (Section 4.0. 1. ii). 
Benzaidchyde dimethyl acetal. 
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Scheme 18. Synthesis of 
59 
When the benzylidene acetal protected glycoside 59 is linked to solid support 
via linker 1 there are two possible sites of diversity on the carbohydrate; the free 
hydroxyl groups at the C2 and C3 positions of the sugar ring. Having two sites of 
diversity allows for the study and development of regioselective reactions, such as 
sulfation, on the solid phase. For example, procedures could be developed so that 
one hydroxyl group on the sugar ring could be selectively reacted upon in the 
presence of another hydroxyl group. If such methodology were developed for the 
solid phase then the number of different protecting groups required would be 
reduced, hence synthesis would become both easier and quicker. 
The C4 and C6 hydroxyl groups of the benzylidene acetal protected glycoside 
59 can not be deprotected on the solid phase. Techniques available to remove a 
benzylidene acetal protecting group in solution, such as hydrogenation or acid 
hydrolysis, are not compatible with resin-bound sugars. 
[71,72,731 For example, acid 
hydrolysis would perhaps result in the cleavage of the glycosidic linkage and 
palladium or platinum catalysts used in conjunction with hydrogenation would 
contaminate the solid support. 
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3.1 Synthesis of 2'hydroxy_ethyl4_OmethOxYmethYl_6_O-1-bUtYIdimethYlsilY 
flD-glucOpyranOSide (60) 
To increase the scope of the studies into regioselective reactions on the solid 
phase it was proposed to synthesise a sugar building block that would offer three 
sites of diversity when attached to resin. The methoxyethoxymethyl (MEM) 
protected sugar 60 (Scheme 19) was consequently determined as being a suitable 
target that would fulfil this criteria and also be relatively straightforward to 
synthesise. As the MEM protected sugar 60 is not U.V. active it would not be 
possible to calculate its loading onto solid support. However, the sugar would 
provide a means of obtaining an insight into the possibility of protecting group 
manipulation on the solid phase for the purposes of subsequent reactions, such as 
sulfation for example. Also, it should be feasible, if required at some point, to be 
able to introduce a chromophoric group to achieve U.V. activity. 
In a similar fashion to the benzylidene acetal protected glycoside 59, the 
MEM protected sugar 60 incorporated an ethylene glycol spacer to provide the point 
of attachment to solid support. In contrast to the berizylidene acetal protected 
glycoside 59 however, the MEM protected sugar 60 was designed to have an 
additional site of diversity at the C6 position. This primary C6 hydroxyl group had to 
be in a protected form when coupling the sugar to resin to ensure that it anchored via 
the ethylene glycol spacer and not via the C6 position. The MEM protected sugar 60 
was therefore synthesised with the C6 hydroxyl group protected as a ten-
butyldimethylsilyl (TBDMS) ether unit. The TBDMS ether group is a widely used 
and a well documented protecting group used in carbohydrate solution phase 
chemistry. 172731 
The MEM protected sugar 60 could be coupled to solid support with the two 
sites of diversity at the C2 and C3 positions directly available. If desired, the C6 
position could then be selectively deprotected to generate another site of diversity. It 
would then be possible to extend the selectivity studies so that the properties of 
primary and secondary hydroxyl groups on sugars could be compared and contrasted 
on the solid phase. 
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The synthetic sequence leading to the MEM protected sugar 60 is a five-step 
pathway that begins with the benzylidene acetal protected glycoside 59 (Scheme 19). 
Conversion of the benzylidene acetal protected glycoside 59 to the desired MEM 
protected sugar 60 requires alteration of the protecting groups at the C4 and C6 
positions. Before such manipulations could be performed however, the free hydroxyl 
groups of the benzylidene acetal protected glycoside 59 (C2 and C3 positions of the 
sugar ring and the primary hydroxyl group of the ethylene glycol spacer) had to be 
protected so as to ensure that they did not participate in any subsequent reactions in 
the pathway. 
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Scheme 19. Synthetic pathway to 2'hydroxyethyl4O-methOXyfl1ethYl-6-O-t 
butyldimethylsilylflDgluCOpyraflo5ide 60. Reagents and conditions: (i) acetic 
anhydride, pyridine, R.T., 16 h (ii) 80% aqueous acetic acid, 80 °C, 2 h (iii) 
imidazole, TBDMSCI, DMF, R.T., 16 h (iv) MEMNEt3 C1, MeCN, reflux, 30 mm 
(v) NaOMe [0.5 M soin. in MeOH], MeOH, R.T., 2 h 
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In the first reaction of the synthetic pathway (Scheme 19) acetic anhydride 
was employed to protect the free hydroxyl groups of the benzylidene acetal protected 
glycoside 59 in the form of acetate esters. The acetylated product 61 was obtained in 
quantitative yield and purification was achieved via recrystallisation. 
Heating the acetylated sugar 61 at 80 °C for 2 h in a solution of 80% aqueous 
acetic acid removed the benzylidene acetal protecting group in quantitative yield, 
affording the deprotected sugar 62.1721  Hydrogenation under neutral conditions was 
an alternative option available that could have been used to remove the acetal 
protecting group had the acetylated sugar 61 not been amenable to 80% aqueous 
acetic acid. 
Selective silylation of a primary hydroxyl group in the presence of a 
secondary hydroxyl group can be performed with imidazole and TBDMSC1J 76'77 
Using this procedure, the TBDMS protected glycoside 63 was obtained in a 80% 
yield after purification by column chromatography. Prior to attempting the silylation 
of the deprotected sugar 62 the silylated model compound 65 (Figure 17) was 
synthesised from the corresponding C-6 hydroxyl tetraacetate starting material, with 
a yield of 85%, to provide a demonstration of the type of chemistry involved. 
TBDMSO 
AcO 
AcO 	 OAc 
AcO 
65 
Figure 17. Silylated model compound 65 
As an alternative to C4 MEM protection, allyl protection by treating the 
TBDMS protected glycoside 63 with allyl bromide and sodium hydride was 
considered? This would result in the formation of the allyl protected glycoside 66 
(Scheme 20) in which the hydroxyl group at the C4 position is protected in the form 
of an allyl functional group. Despite several attempts however, the allyl-protected 
glycoside 66 could not be obtained in a pure form. 
In view of the failure to synthesise the allyl protected glycoside 66, the MEM 
group was used for the protection of the C4 hydroxyl group of the TBDMS protected 
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glycoside 63. Two methods have been developed for the introduction of the MEM 
group to primary, secondary and tertiary alcohols. 118.791 One method entails the use of 
aprotic-basic conditions and the other involves aprotic-neutral conditions. The latter 













Scheme 20. Attempted synthesis of 2'_acetyl-ethyl-2,3-di-O-acetyl-4-O-allyl-6-O-t-
butyldimethylsilyl-,&D-glUcopyranOside 66 
The colourless, crystalline triethylammonium salt of MEMCI was 
synthesised by treatment of MEMCI with triethylamine in ether and was purified 
simply via filtration. The conversion of the hydroxyl group at the C4 position to a 
MEM ether was then possible by heating the TBDMS protected glycoside 63 and the 
triethylammonium salt in dry MeCN solution at reflux. The triethylammonium 
chloride by-product was removed via column chromatography using a solid phase 
extraction (SPE) tube. 
MEM ethers are stable under a wide variety of conditions and selective 
cleavage of MEM ethers is possible in the presence bf acetates and TBDMS ethers. 
Conversely, any of these protecting units may be cleaved selectively in the presence 
of a MEM ether. Removal of the MEM group can be accomplished with mild Lewis 
acid, specifically zinc bromide or titanium tetrachloride. Additionally, as the MEM 
group is devoid of chirality its use does not introduce stereochemical complications. 
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The target compound, MEM protected sugar 60, was then obtained in a yield 
of 79% by performing the Zemplén procedure on the fully protected glycoside 64. 
3.2 Synthesis of 
glucopyranoside (67) 
TBDPS protected glycoside 67 (Scheme 21) was a third sugar building block 
to be synthesised in solution with an ethylene glycol spacer group attached to the 
anomeric position. Whilst attached to solid support the tert-butyldiphenylsilyl 
(TBDPS) protected glycoside 67 offers three sites of diversity; the secondary 
hydroxyl groups at the C2, C3 and C4 positions of the sugar ring. It would therefore 
provide an opportunity to investigate and develop reactions on the solid phase that 
would proceed regioselectively in the presence of three sites of diversity which 
exhibit similar chemical reactivity. Unlike MEM protected glycoside 60, 
deprotection on the solid phase is not required to generate the third site of diversity 
and due to the U.V. activity of the TBDPS group, loadings onto solid support can be 
determined. 
The deprotected glycoside 62, an intermediate in the synthesis of the MEM 
protected glycoside 60 (Scheme 19), was used as the starting material for the 
synthesis of the TBDPS protected glycoside 67 (Scheme 21) and therefore was 
treated with TBDPSCI and imidazole. The resultant TBDPS unit was introduced 
selectively to the primary C6 hydroxyl group, affording the protected glycoside 68 in 
yield of 76%. 
Deacetylation of the protected glycoside 68 with a methanolic solution of 
sodium methoxide then gave the target TBDPS protected glycoside 67 in a yield of 
74% without the need for further purification. 
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Scheme 21. Synthesis of 2'hydroxy-ethyl-2,3-di-O-acetyl-6-O-t-bUtYldiPheflylsilyl-
1&D-glucopyranoside 67. Reagents and conditions: (i) imidazole, TBDPSCI, DMF, 
R.T., 16 h (ii) NaOMe [0.5 M soin. in MeOH], MeOH, R.T., 2 h 
3.3 Solution phase sulfation of saccharide building blocks/substrates 
3.3.1 Synthesis of methyl-4,6-0-benzylidene-ct-D-glucopyranoside-2-[2.2.2-
trfluoroethyl]su1fate (69) 
The chemical synthesis of sulfated saccharides typically involves extensive 
use of orthogonal protecting groups that can be cleaved at a later stage of the 
synthesis. Only the hydroxyl groups that are to be sulfated can be exposed to the 
reagent, which is usually trimethylammonium sulfate complex. 801 This strategy 
however results in lengthy synthesis. If more than one hydroxyl group is exposed to 
the reagent, the regioselectivity is generally poor, except in favour of a primary 
alcohol. 
However, regioselective sulfation of saccharides is often achievable via the 
use of organotin complexes. If a stannyl complex is formed prior to exposing the 
saccharide to the sulfating conditions then the subsequent sulfation will occur 
regioselectively' 8182 ' (the origin of this selectivity will be discussed later). 
Regioselective sulfation and subsequent sulfate ester protection of the C2 
position of model compound 58 was achieved in solution to yield trifluoroethyl ester 
69 via the formation of the stannylene acetal complex 70 (Scheme 22)."' -41 For 
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sulfation to ultimately occur at the C2 position it is imperative that the stannylene 
acetal formed prior to sulfation involves the C2 and C3 positions of the sugar ring. 
When stannylene acetal complex 70 was then treated with trimethylammonium 
sulfate complex in DMF the mono-sulfated sugar 71 was obtained.t851 
Sulfation is usually carried out as one of the last steps in a synthetic pathway 
as free sulfates and their salts are difficult to handle and to characterise. As a result, 
the trifluoroethyl ester was being studied within the Flitsch group as a protecting 
group for sulfate mono-esters in carbohydrates that would make it possible to 
perform sulfation earlier in a synthetic sequence. 186' The trifluoroethyl ester group 
was found to be stable to a wide variety of conditions commonly used in 
carbohydrate synthesis and could be selectively cleaved with potassium t-butoxide. 
Consequently, to enable ease of handling, the mono-sulfated glycoside 71 
was treated with freshly prepared 2,2,2-trifluorodiazoethane 72 to form the 
trifluoroethyl ester 69. Ester 69 was purified via column chromatography [EtOAc] 
and obtained in an overall yield of 35% from the model compound 58 starting 
material. Care had to be taken when handling the potentially explosive diazo 
compound 72 and it was synthesised behind a blast screen in "clear-glass" (non-
ground) glass joint glassware. In comparison to other diazo compounds, such as 
diazomethane, diazo compound 72 can be assumed to be more stable due to the 
electron withdrawing effect of the trifluoroethyl group. 
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Scheme 22. Regioselective sulfation of model compound 58 via stannylene acetal 
methodology. Reagents and conditions: (i) Bu 2SnO, toluene, reflux, 20 h (ii) 
Me3N.S03, DMF, R.T., 3 h (iii) NaN0 21  MeCN, water, R.T., 4 h (iv) CH 3COOH, 
MeCN, R.T., 20 h 
3.3.2 Regioselectivity of sulfation 
It is known from 9Sn-NMR and mass spectroscopic studies that 
carbohydrate-derived stannylene acetals are dimeric in all physical states, where the 
tin atoms are penta-coordinate (Figure 18). It is also known that sulfation, as well as 
alkylation and acylation of these compounds can occur regioseIective1y. 87 ' The 
precise origin of this selectivity is unknown, but it is thought that one of the two 
oxygen atoms involved in the stannylene acetal is more nucleophilic than the other. 
Within one monomeric unit of the dimer 74, the two apically bound oxygen 
atoms not involved in the Sn 202 cyclic unit are regioselectively sulfated as they are 
more nucleophilic. Such nucleophilic enhancement may be the result of electron 
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channelling from the Sn-atom towards the apically bound oxygen atoms, resulting in 
preferential activation and bond rupture at the expense of the equatorially oriented 
and electronically less enriched oxygen atoms. It is also possible that steric factors 
play an important role, as the equatorially oriented oxygen atoms in the dimer are 










Figure 18. Dimeric form of a carbohydrate-derived stannylene acetal 
3.3.3 Synthesis of 2 '-t-butyldimethylsilyloxy-ethyl-4, 6-O-benzylidene-/3-D-
glucopyranoside2[2,2.2 - trUluOrOethYlJ5Ulfte (75) 
With the regioselective sulfation of model compound 58 accomplished, the 
solution phase regioselective sulfation of the benzylidene acetal protected glycoside 
59 (Page 41) was then attempted to provide a comparison for the sulfation of the 
glycoside 59 on the solid phase (Section 4.2.1). To enable ease of handling it was 
planned to ultimately form the trifluoroethyl ester 75. 
Before the sulfation procedure could be attempted however, the primary 
hydroxyl group on the ethylene glycol chain of the benzylidene acetal protected 
glycoside 59 had to be protected to prevent it from participating in the sulfation 
reactions. Using TBDMSCI and imidazole the TBDMS ether protected sugar 76 was 
synthesised in a 90% yield (Scheme 23). Selective removal of the TBDMS 
protecting unit was demonstrated by treatment of the TBDMS ether protected sugar 
76 with (DDQ) I"I in a solution of 
MeCN:water [9:1]. The benzylidene acetal protected glycoside 59 was recovered in a 
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Scheme 23. The TBDMS ether unit as a protecting unit 
The regioselective sulfation of the TBDMS ether protected sugar 76 was 
attempted via the stannylene acetal methodology (Scheme 24). Mixing Bu2SnO and 
sugar 76 in refluxing toluene within Dean-Stark apparatus for 20 h gave the 
stannylene acetal 77. The crude tin compound 77 was then exposed to the sulfating 
reagents to afford the sulfated saccharide 78, which in turn was reacted with 2,2,2-
trifluorodiazoethane 72 to form the protected target sulfate 75 in an overall yield of 
















Scheme 24. Synthesis of 2'tbutyldimethylsilyloxy-ethyl-4,6-O-benZYlidefle-8-D-
glucopyranoside-2-[2,2,2-trifluoroethyflsulfate 75. Reagents and conditions: (i) 
Bu2SnO, toluene, reflux, 20 h (ii) Me 3N.S03 , DMF, R.T., 3 h (iii) 72, CH 3COOH, 
MeCN, R.T., 20 h 
3.4 Synthesis of 
glucopyranoside (79) 
Selective sulfation of saccharides on the solid phase is an area of interest 
within this project, but esterification also attracts attention. Esterification of 
saccharides is routinely performed in solution with the aim either being 
functional i sation, perhaps in readiness for further reaction, or alternatively as part of 
a protecting group strategy. For example, sugar hydroxyl groups are often protected 
in the form of acetate esters. Consequently, mastering the esterification of 
saccharides on the solid phase would go some way towards making the ultimate aim 
of synthesising glycosaminoglycan fragments on the solid phase a reality. 
To provide a comparison for the esterification of saccharides on the solid 
phase (Section 4.2.2) model compound 58 was subjected to esterification conditions 
in solution (Scheme 25) . 1 89 1 As the objective was only to determine if the 
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esterification conditions were appropriate, the reaction was performed on a small 
scale. 
A solution of 4-acetyl-benzoic acid, water soluble carbodiimide (WSCDI) 
and 4-dimethylaminopyridine (DMAP) in DCM was carefully added to model 
compound 58. After 20 h, thin layer chromatography (TLC) [PE:EtOAc (1:1)] 
analysis of the reaction mixture suggested that a mixture of mono- and di-esterified 
products had formed. This in turn implied that no selectivity existed between the two 
hydroxyl groups of the model compound 58. In order to drive the reaction to 
completion and exclusively form the di-esterified glycoside 79, additional acidic 
solution was added and the mixture left for another 20 h. The di-estenfied glycoside 






Scheme 25. Di-esterification of model compound 58 
3.5 Chapter summary 
This chapter describes the successful solution phase synthesis of saccharides 
for subsequent attachment to solid support via linker 1 (Page 30). Each saccharide 
was synthesised so as to contain an ethylene glycol functional group at the anomeric 
position. The primary hydroxyl group of the ethylene glycol provides a means of 
coupling the saccharides to linker I and therefore solid support. 
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Additionally, each saccharide was designed so that they would contain two or 
more sites of diversity once attached to the solid support. These sites of diversity 
enable subsequent reactions, such as library generation or regioselectivity studies, to 
be performed on the solid phase. 
Finally, sulfation and esterification of saccharides was performed in solution 
phase to provide the opportunity to draw comparisons between similar reactions to 
be performed on the solid phase (as described in Section 4.2). 
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4 Results And Discussion - Studies On The Solid Phase 
4.0 Optimisation of the coupling of N-1-(4_(3-aminopropylcarbamOYl)PheflYl-
(ethylsulfanyl)-methyl)-2-pheflYlaCetamide (1) to solid support 
4. 0.1 Coupling of linker 110 solid support 
4.0.1.i Swellable solid supports 
Carboxy-Tentagel ®  solid support is a composite of low crossed-linked 
polystyrene and 3000-4000 molecular weight polyethylene glycol, which has been 
terminally carboxy functionalised. The 130 pm beads have narrow size distribution, 
high diffusion rates and excellent swelling across a wide variety of solvents ranging 
from toluene to water. 126901  The compatibility of Carboxy-Tentagel ® to both organic 
and aqueous solvents therefore made it an ideal solid support for use in the study and 
development of exo-linker 1 (Page 30). 
A means of attaching linker I to C arboxy Tentagel® [manufacturer's 
determined 100% loading of 0.24 mmol g] is provided via the possible formation of 
an amide bond between the primary amino group of linker I and the terminal 
carboxy functional groups on the resin. 
Indeed this fact was exploited by 136hm, 1621  who had performed initial studies 
into the coupling of exo-linker 1 onto Carboxy-Tentagel ® (Scheme 26). He found 
that amide bond formation, and hence linker loading, occurred best if coupling with 
2-(1H-benzotriazole-1 -yl)-1 .1 ,3,3-tetramethyluronium tetrafluoroborate (TBTU) as a 
reagent was used. Additionally, a six-fold excess of the linker I was determined to 
give optimal loading (Scheme 26). 
Using acid hydrolysis, it was found that Böhm's TBTU coupling method 
gave a loading of linker 1 onto Carboxy-Tentagel ®  in yields of the order of 50% 
(based on the weight adjusted theoretical 100% linker I loading of 0.22 mmol g'). 
[Determination of the extent of the loading of linker 1 onto solid support will be 
discussed later]. 
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Ideally, it would be desirable to achieve as near 100% loading of the linker 1 
onto Carboxy-Tentagel ®  as possible. Not only would this ultimately lead to higher 
concentrations of resin-bound substrates, but it would also reduce the amount of 
linker 1 that remains unused, and therefore wasted, in the coupling mixture. 
Consequently, the conditions of the TBTU coupling protocol were varied with a 
view to obtaining better loading. However, despite altering the reactant 
concentration, the temperature and duration of the reaction no significant 
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Scheme 26. Coupling of linker I onto Carboxy-Tentagel ® using TBTU 
Nevertheless, it was found that the coupling of linker 1 onto Carboxy-
Tentagel® was greatly dependent upon the solvent and occured best in aprotic, 
anhydrous solvents such as DMF which swell the resin well. It was also established 
that it was not worthwhile reusing the TBTU coupling mixture on "fresh" Carboxy-
Tentagel. Whenever this recycling of the TBTU coupling mixture was attempted it 
was observed that further linker coupling did not occur. 
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An effort was made to find a more satisfactory linker coupling protocol due 
to the fact that use of TBTU resulted in only moderate coupling yields. Ultimately, 
coupling of linker I onto Carboxy-Tentagel ®  was achieved in a quantitative yield if 
I ,3-diisopropyl-carbodiimide (DIC) was used in place of TBTU (Scheme 27) [as 
determined by acid hydroysis and subsequent HPLC analysis]. Another advantage 
associated with the DIC protocol was that the coupling mixture could be reused, if 
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Scheme 27. Coupling of linker Ito Carboxy-Tentagel ® using DIC 
Having found appropiate conditions for the coupling of linker 1 onto 
Carboxy Tentagel®, the same conditions were then applied to C arboxy PEGA® resin. 
PEGA®  resins swell in both organic and aqueous solvents and offer slightly higher 
loading capacities in comparison to C arboxy Tentagel®. However, as Carboxy-
PEGA®  resin is not readily commercially available it had to be obtained by the 
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derivatisation of Amino-PEGA ® resin [manufacturer's determined 100% loading of 
0.40 mmol g'] using succinic anhydride (Scheme 28). 
The coupling of linker I to C arboxy PEGA® resin was achieved in near 
quantitative yield (based on the weight adjusted theoretical 100% linker I loading of 
0.34 mmol g') using the DIC coupling protocol and it was also determined that the 
coupling mixture could be reused. 
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Scheme 28. Carboxy-functionalisation of Amino-PEGA ® resin 
A further resin that was derivatised with linker 1 was carboxy-polystyrene. 
This resin swells in organic solvents but not in aqueous media. 1161  As a result, 
polystyrene is an unsuitable resin for use in reactions which involve enzymes. 
However, as linker 1 can also be cleaved chemically, either by mildly acidic or basic 
conditions, its use with polystyrene is plausible. Attaching linker 1 to carboxy-
polystyrene resin merits interest, as in comparison to Tentagel®  and PEGA® resins, 
polystyrene has a much higher loading [manufacturer's determined 100% loading of 
1.24 mmol gd].  High loading capacities are often desirable in situations where a 
relatively high concentration of substrate is required for example. 
Linker 1 was coupled to carboxy-polystyrene resin in a yield of 
approximatley 91% (0.77 mmol g') [based on the weight adjusted theoretical 100% 
linker I loading of 0.85 mmol g'] using the DIC coupling protocol. Recycling the 
coupling mixture was also found to be possible in the case of polystyrene. 
It is worth mentioning that linker 1 could also be attached to carboxy-
polystyrene via the use of cyanic fluoride (Scheme 29). However, this two step 
procedure results in the acyl fluoride polystyrene resin 84 having a theoretical 
maximum loading of 0.77 mmol g - ' for linker 1. This is lower than that of the 
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alternative procedure where linker 1 is coupld directly onto carboxy-polystyrene 
resin (0.85 mmol g1 ). 
4.0. 1 . ii Non-swellable solid supports 
Polystyrene, PEGA®, T entagel® and other conventional resins are normally 
beaded cross-linked polymers. Resins have different swelling properties in different 
solvents, different chemical stabilities and other physicochemical characteristics that 
are dependent on the monomers and cross-linking agents. However, these resins 
share a common feature in that they have to swell in solvents so as to expose all of 
the resin-bound substrate to reactants. It is known that when these resins have 
swollen to maximum capacity a large proportion of the resin-bound substrates are 
not on the easily accessible "surface" of the resin bead. Consequently, the reactants 
have to manoeuvre inside the resin bead to react with the remainder of the substrate 
and so enable a quantatitive reaction yield to be obtained. 
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Scheme 29. Coupling of linker ito carboxy-polystyrene 83 using cyanic fluoride 
If the reactants happen to be large, like the enzyme penicillin amidase for 
example, then it is feasible that steric hindrance between the reactant and the resin 
will therefore prevent complete reaction of the resin-bound substrate. However, a 
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non-swellable solid support that is exclusively surface functionalised could be used 
to avoid this potential problem. In this instance a reactant species such as an enzyme 
would only have to "shave" the surface of the support and would not have to 
penetrate it in order to achieve complete reaction. Comparing the use of a surface 
functionalised, non-swellable support with linker 1 in contrast to swellable resins 
such as Tentagel® would therefore prove interesting, particulary in the case of linker 
1 cleavage by penicillin amidase. 
Synphase" crowns are surface functionalised, non-swellable solid supports 
which consist of polymer chains that are grafted at one end to dimensionally stable 
plastic (polyethylene/polypropYlefle). (9 U These supports are increasingly being used 
in solid phase chemistry. [92,93,941  
The Synphase" surfaces constitute the medium in which synthesis takes 
place. This grafted layer of polymer provides significant advantages over 
conventional resins: 91 
• the Synphase open polymer chain structure only requires solvent wetting 
for efficient transfer of reagents to reaction sites 
• Synphase' crowns do not require preweighing as they are modular in 
design and have an optimised loading for organic syntheses 
• particulates caused by resin breakdown are avoided 
A wide variety of Synphase" crowns are commericially available and can be 
supplied with different loading capacities (0.5 mg - 23.0 mg of compound per 
crown, [theoretically based on a molecular weight of 500 mol g 1 ]). They can also be 
purchased either pre-functionalised with a linker or in a "non-functionalised" form 
which can then be derivatised with a cleavable handle of choice as and when desired. 
Non-functionalised Synphase" MD crowns 85 were deemed the most 
appropiate to allow for attachment and subsequent study of linker 1. Synphase" MD 
is a derivatised graft of methacrylic acidldimethylacrylamide copolymer and 
therefore demonstrates similar reagent stability to that of linker 1 (Figure 19). These 
crowns are also efficiently wetted in both polar and non-polar solvents (including 
aqueous solutions) and therefore would be ideally suited for the chemical reactions 
to be performed on linker 1. 
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NHF-moc 
Figure 19. Synphase MD crown solid support 
The Synphase" MD crowns were supplied with the carboxyl functionality 
derivatised with a F-moc protected diamine (85). De-protection thus afforded an 
amine group for linker attachment (Scheme 30). F-moc analysis of the newly 
purchased crowns indicated that they offered a potential maximum linker I loading 
of 35 tmol g' (1.6 j.tmol crown'). Following subsequent carboxy-functionalisation 
using succinic anhydride, the DIC coupling protocol was used to attach linker 1 to 
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Scheme 30. Coupling of linker Ito Synphase" MD crowns 
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4.0.2 Cleavage of linker 1 from solid support 
It had been previously established within the research group that linker 1 
could be cleaved with aqueous acid (2 M HCI:MeOH [2:1]) to produce 
phenylacetamide 88, which was then partially hydrolysed to phenylacetic acid 38.1671 
It was subsequently found that treatment of Tentagel ®-bound linker 1 with aqueous 
acid resulted in the release of phenylacetamide 88 and phenylacetic acid 38, which 
could be monitored by HPLC (Scheme 31). It was also discovered that Tentagel ®-
bound linker 1 was cleavable by treatment with aqueous base. In this instance 
phenylacetic acid was the sole cleavage product (Scheme 31)1671 
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Scheme 31. Treatment of Tentagel ®-bound linker I with acidic or basic conditions 
As explained in Section 3.0, cleavage of linker I from solid support provides 
an opportunity to determine its loading. Therefore, in order to establish the optimal 
conditions for determining the loading of linker I onto solid support the mildest 
conditions that would result in complete cleavage had to be found. Tentagel ®, 
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PEGA® and crown solid supports were all studied to determine if a general set of 
conditions could be developed. For the purposes of these studies it was assumed that 
both 5 M HCl and 5 M NaOH would result in complete cleavage of the support-
bound linker. 
The solid support 80 was treated with various concentrations of acid and base 
for 16 h at R.T. (according to the protocols described in Section 62.5). In each case 
the extent of cleavage was determined by HPLC where the results were compared to 
those obtained with either 5 M HCI or 5 M NaOH. It was found that the stability of 
the linker was independent of the type of resin used (Tables 1 and 2). Also, the 
results clearly indicated that in addition to being acid labile, linker I was base 
sensitive. Complete cleavage was almost achieved with 0.25 M NaOH. 
Conditions 
% Cleavage of linker 1 from 
Tentagel®, PEGA® or 




0.5 M HCl 45 
0.25 M HCI 23 
0.IMHCI 11 
Water 0 
Table I. Cleavage yields obtained via acidic conditions 
It was concluded from the data illustrated in Tables I and 2 that 2 M HCI and 
0.5 M NaOH were the mildest conditions that would ëause complete linker cleavage. 
As a result, these conditions were applied to determine the linker 1 loadings for 
Tentagel®, PEGA® and crown supports as quoted in Section 4.0.1. 
Polystyrene resin does not swell under aqueous conditions. This means that 
linker cleavage with either 2 M HCI or 0.5 M NaOH is not feasible in the case of 
polystyrene. Thus, DCM:TFA:water [10:9:1] solution and THF:MeOH:NaOMe 
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[4:1:1] solution were used to determine the loading of linker 1 onto polystyrene as 
quoted in Section 4.0.1 These cleavage conditions were also compatible with 
Tentagel, PEGA® and crown supports. 
To ensure that in each case the four cleavage conditions mentioned above 
resulted in complete linker cleavage the solid supports used in the cleavage reactions 
were retained. After being washed and dried, the retained supports were then treated 
with either fresh cleavage reagent or 5 M HCI or 5 M NaOH. No further cleavage 
products were observed in every instance, indicating that the initial cleavages had 
occurred completely. 
Conditions 
% Cleavage of linker 1 from 
Tentagel®, PEGA® or 




0.5 M NaOH 100 
0.25 M NaOH 95 
0.1MNaOH 80 
Water 0 
Table 2. Cleavage yields obtained via basic conditions 
4.1 Optimisation of the coupling of saccharide building blocks/substrates to 
solid support 
Having established that linker 1 can be efficiently coupled to and then cleaved 
from a variety of solid supports, its suitability to act as a linker for carbohydrates had 
to be determined. 
To confirm the applicability of linker 1 for carbohydrate solid phase chemistry 
three key points had to be successfully demonstrated: 
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• demonstrate attachment of sugar building blocks in high yields to solid 
support via linker 1 
• perform various reactions on the support-bound sugars and demonstrate 
that linker 1 is stable to the reaction conditions 
• treat the support-bound reaction products with cleavage conditions to 
enable the desired products to be retrieved in high yield from the solid 
support. 
Tentative conditions for the coupling of sugars via linker I to solid support had 
been previously devised by colleagues within the research group. 161.611  This protocol 
was designed to exploit the fact that the thioethyl group in linker 1 could be activated 
by the thiophilic reagent NIS to become highly susceptible to displacement by 
nucleophiles, such as alcohols. 
To serve as a starting point for the study of the coupling of sugars to the solid 
phase, ethylene glycol derivative 53 (Page 37) was coupled to a soluble form of 
linker 1 using the established protocol (Scheme 32). MS analysis of the crude 
product mixture was used to indicate that nucleophilic substitution of the thioethyl 
group had occurred. 
46 + 53 
NIS, 




 _'Y 0 
89 
Scheme 32. Coupling of glycoside 53 to soluble linker 46 
Applying the coupling protocol to the solid phase, ethylene glycol derivative 
53 was attached to both Tentagel and polystyrene resins (Scheme 33). Loadings of 
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0.20 mmol g' and 0.62 mmol g' would have been achieved for Tentage1 and 
polystyrene respectively had the couplings proceeded quantitatively. 
Whenever cleavage of a support-bound species is attempted it is important that 
the cleavage conditions employed do not cause any unwanted decomposition of the 
released product. [In some cases this may not be strictly true as it may be convient to 
perform the cleavage of a support-bound species and to remove its protecting groups 
in one step for example]. Consequently, it was necessary to assess the stability of 
ethylene glycol derivative 53 to the cleavage conditions prior to attempting its 
cleavage from solid support. Ethylene glycol derivative 53 was mixed overnight at 
R.T. with DCM:TFA:water [10:9:1] solution. TLC analysis suggested that no sugar 
decomposition had occurred and hence the cleavage conditions selected were indeed 
suitable. 
80(a, b) + X 
NIS, 
DCM, 16 h, R.T., I 
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Scheme 33. Coupling of saccharide building blocks (53 and 59) to solid support 
using NIS 
As ethylene glycol derivative 53 is non-chromophoric it can not be observed 
by U.V. absorbance via HPLC. The loading of ethylene glycol derivative 53 onto 
solid support could not therefore be calculated. However, MS analysis of the 
cleavage mixture was performed to determine if the coupling of ethylene glycol 
derivative 53 to solid support worked. The presence of a molecular ion (mlz 393) 
corresponding to ethylene glycol derivative 53 implied that initial coupling had 
occurred. 
Retreatment of the polystyrene and Tentagel ® resins with additional cleavage 
solution failed to yield evidence of the presence of ethylene glycol derivative 53. 
This suggested complete cleavage occurred in the first instance for both resins. 
Despite being able to determine whether or not attachment of ethylene glycol 
derivative 53 to solid support was accomplished, the actual loading onto solid 
support could not be calculated. Being unable to determine loading values therefore 
made it impossible to optimise the coupling of sugars via linker I to solid support. 
As a result, the protecting groups of ethylene glycol derivative 53 were altered to 
produce an U.V. active carbohydrate. 
This alteration was successfully attempted in solution, generating benzylidene 
acetal protected glycoside 59 (Section 3.0). To serve as a comparison, similar 
chemistry was also attempted on tentagel solid support. 
Tentagel® resin species 90 was treated with a triethylamine solution to cause 
deacetylation (Scheme 34). At this point, a portion of the resin was removed and 
treated with DCM:TFA:water [10:9:1] solution. After removing the spent resin from 
the aliquot, MS analysis of the cleavage mixture suggested the presence of the 
deprotected glycoside 56. 
Assuming deprotection had occurred to such an extent that it would be feasible 
to proceed, the introduction of the benzylidene acetal protecting group was attempted 
via two methods (Scheme 34). Unfortunately, subsequent HPLC analysis of the 
appropiate cleavage mixtures indicated that no benzylidene acetal protected 
glycoside 59 was present and hence the protection reactions had failed on the solid 
phase. Comparison of these negative results with those achieved via solution 
chemistry (Section 3.0) served to highlight the fact that direct comparison between 
solution and solid phase chemistry can not be drawn. 
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An alternative route to the target was therefore sought. Firstly, the benzylidene 
acetal protected glycoside 59 (prepared in solution) was coupled to a soluble linker 
46 using NIS (Scheme 35). Analysis of the crude product by MS confirmed that 
coupling had indeed occurred. 
Next, the coupling of benzylidene acetal protected glycoside 59 to solid 
support using the NIS protocol was attempted, affording solid supported compound 
91 (Scheme 33). Both Tentagel ®  and polystyrene solid supports were studied. 
THF:MeOH:NaOMe (4:1:1) solution was used to release the coupled sugar from the 
solid supports. The cleavage mixtures were analysed by HPLC, where it was 
possible to monitor the concentration of cleaved benzylidene acetal protected 
glycoside 59 via U.V. absorbance. It was calculated that the sugar coupling to 
Tentagel ®  and polystyrene had occurred with loadings of 53% and 46% respectively. 
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EL 3N, McOH, 	 HO 
16 h, R.T. 
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Scheme 34. Attempted solid phase synthesis of glycoside 59 
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By varying the conditions used in the NIS coupling protocol an attempt was 
made to optimise the loading of benzylidene acetal protected glycoside 59 onto solid 
support. For example, the results of altering the temperature and the duration of the 
reaction were investigated. During the course of this work it was found that in order 
for the sugar coupling to proceed efficiently, anhydrous reaction conditions had to be 
adhered to. Therefore, 4 A molecular sieves were added to the coupling mixture. 
46 	-- 	59 
NIS, 




93 	0— / 	J...Ph 
Scheme 35. Coupling of benzylidene acetal protected glycoside 59 to soluble linker 
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Despite these alterations no significant increase in coupling yields to either 
Tentagel®  or polystyrene were observed until the use of triflic acid (TfOH) was 
studied. 1881  Treatment of dried NIS with a catalytic amount of TfOH prior to addition 
to the coupling mixture led to benzylidene acetal protected glycoside 59 coupling to 
polystyrene and Tentagel ® with loadings of 85% (0.55 minol g) and 80% (0.16 
mmol g') respectively (Scheme 36). It is thought that addition of the TfOH results in 
the formation of an activated form of NIS which exhibits increased thiophilicity with 
respect to NIS. Thoroughly mixing the coupling reagents prior to the addition of the 
activated NIS also contributed to giving optimal results. It was also discovered that 
the coupling mixture could not be recycled and that the activated NIS solution had to 
be used as soon as possible after TfOH had been added, otherwise loading yields 
deteriorated. 
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The sugar coupling protocol incorporating the use of TfOH was also used to 
attach benzylidene acetal protected glycoside 59 to Synphase" crown solid support 
with a loading of 79% (25 j.tmol g'). 
The optimised sugar coupling protocol was applied to couple MEM protected 
sugar 60 to both Tentagel®  and polystyrene supports and to couple TBDPS protected 
glycoside 67 to Tentagel ® (Scheme 36). Due to an absence of U.V. activity in the 
former's case, it was not possible to determine the loading to either solid support. 
However, MS analysis of the appropiate cleavage mixtures suggested that coupling 
had occurred. For glycoside 67, HPLC analysis revealed a loading of 62% (0.12 
mmol g') onto Tentagel ®. As both MEM protected sugar 60 and TBDPS protected 
glycoside 67 contained acid sensitive silyl ether groups, basic conditions 
(THF:MeOH:NaOMe [4:1:1]) were used to induce cleavage. 
NIS + TfOH + DCM 
80(a,b), X, 	I 
0CM, 16 h, R.T., I 
molecular sieves o 	 0 
OR 	 Y 
IfX59,Y91andR HO O 
HO 
TBDMSOI M,MO
If X 60, V = 94 and R = 
HO 
TBDPSO 1 - 
HO lfX=67,Y=95afldR 
HO 
Scheme 36. Coupling of saccharide building blocks (59, 60 and 67) to solid support 
using TfOH 
68 
4.2 Reactions on solid support-bound saccharides 
4.2.1 Sulfation of saccharides on the solid phase 
Sulfated saccharides are increasingly being found to have important biological 
effects. As a result, research into methods leading towards their synthesis has been 
gathering pace. As discussed in Section 3.3, procedures that allow for the selective 
synthesis of sulfated saccharides in solution have been developed. However, the 
synthesis of sulfated saccharides via solid phase methodology is a relatively 
unstudied area and one which, if suitably developed, would be especially beneficial 
to the pharmaceutical industry (as discussed in Sections 1.1.3 and 1.2.1). 
Consequently, it was decided to utilise the support-bound saccharides that had been 
prepared previously (Section 4.1) to perform preliminary studies into sulfation of 
saccharides on the solid phase. 
To begin with, it was first necessary to determine if linker 1 (Page 30) was 
stable to sulfating reagents. Therefore, the Tentagel-bound benzylidene acetal 
protected glycoside 59 and MEM protected sugar 60 were treated with 
trimethylammonium sulfate complex (Scheme 37). Cleavage of the resultant 
Tentagel®bound sulfated reaction products under basic conditions 
(THF:MeOH:NaOMe [4:1:1]) and subsequent analysis by MS suggested that di-
sulfation had occurred to some extent for both glycosides and also confirmed that 
linker 1 was stable to the sulfating reagent. 
Selective sulfation of saccharides in solution can be accomplished via the 
formation of an intermediate stannylene acetal prior to sulfation (Section 3.3). 
However, it was anticipated that modification of reaction conditions on the solid 
phase would be necessary. 
Sugar substrates on the solid phase are strikingly different from their 
counterparts in solution in the sense that they are effectively anchored to the polymer 
chains that comprise the solid support. As a result, the resin-bound sugar substrates 
can not move as freely as they would as if in solution. Thus, it would be expected 
that the stannylene acetal dimer species (Section 3.3) that forms in solution (and 
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ultimately gives rise to the selectivity) can not be formed on solid phase as the sugar 
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Scheme 37. Di-sulfation of saccharides on solid support 
A key feature of the stannylene acetal dimer formed in solution is that the tin 
atom is penta-coordinate. It therefore follows that if some form of non-dimeric 
stannylene acetal intermediate is formed on the solid phase where a ligand such as 
Me0 is used to achieve penta-coordination of the tin atom, selective sulfation might 
then be feasible. 
This theory was put to the test using the polystyrene-bound MEM protected 
sugar 60 and the benzylidene acetal protected glycoside 59 (Scheme 38). Dibutyl tin 
oxide and MeOH were mixed with the polystyrene-bound substrates under 
anhydrous conditions to allow the tin complexes to form. After Yz It the sulfating 
reagent was then added (Scheme 38). 
Polystyrene solid support was selected for these experiments in preference to 
Tentagel ®. This was due to the fact that the latter resin can be thought of as being 
comprised of a polystyrene core that is functionalised with polyethylene glycol 
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chains. Therefore, the possibility of the tin reagent co-ordinating to the oxygen atoms 
of the polyethylene glycol chains rather than the sugar hydroxyl groups had to be 
considered. 
Basic cleavage (THF:MeOH:NaOMe [4:1:1]) of the polystyrene-bound 
products 98 and 99 and subsequent analysis revealed that sulfation had not occurred. 
Altering the MeOH or dibutyl tin oxide concentrations failed to result in sulfation 
occurring. Thus, applying the stannylene acetal methodology used to achieve 
selective sulfation of saccharides in solution to solid phase appeared to be difficult 
and was not pursued further. 
X + Bu25n0 + MeOH + DMF + molecular sieves 
Me3NH503 , 
16h,R.T. / 
OR 	 Y 
[fX..91Y98 and  R 
Me3HN.03 S0 
TBDMSOT 
fX=94,Y=99dR= MEMO   
H0 JO 
Me3HN.03S0 
Scheme 38. Attempted selective sulfation of saccharides on solid support 
4.2.2 Esterfication of saccharides on the solid phase 
The estenfication of carbohydrate hydroxyl groups is a valuable method for 
creating carbohydrate-based combinatorial libraries. We therefore decided to study 
estenfication on the present carbohydrate building blocks/substrates. Of particular 
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!fX =91, V = 100 and R !fX = 94, Y = 101 and R = 
interest was the question if regioselectivity of reaction on solid phase would be 
different to that in solution. 
Tentagel®-bound MEM protected sugar 60 and benzylidene acetal protected 
glycoside 59 were treated with WSCDI (Scheme 39). Cleavage of the resultant 
esterified products 100 and 101 under basic conditions and subsequent analysis by 
MS indicated that a mixture of mono- and di-esterification had occurred to some 
extent for both glycosides. This result confirmed that linker 1 must be stable to the 
esterification conditions and suggested that the regioselectivity of reaction was 
similar to that observed in solution. 
4acetyI-benzoic acid, 
WSCDI, DMA!', DCM,I 
	 0 
0 	OR 
Scheme 39. Di-esterification of saccharides on solid support 
4.2.3 Further reactions of saccharides on the solid phase 
MEM protected sugar 60 (Page 41) was designed so that, if required, the 
TBDMS group in the C6 position could be selectively deprotected to generate a third 
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site of diversity. As it had been established that the two existing sites of diversity of 
Tentagel®-bound MEM protected sugar 60 (the C2 and C3 hydroxyl groups) could 
be either sulfated or esterified (Sections 4.2.1 and 4.2.2), the potential of derivatising 
the third site of diversity was looked into. Thus, deprotection and sulfation at the C-6 
position of the Tentagel ®-bound di-ester 101 was attempted. 
Tentage]"-bound di-ester 101 was treated with a variety of reagents in an 
attempt to establish conditions that would result in selective de-silylation at the C-6 
position and thus generate a third site of diversity (Table 3). Although the reagents 
quoted in Table 3 are commonly used in solution to cleave silyl ether protecting 
groups, from these only DDQ was found to work in our case (Scheme 40), as 
demonstrated by a molecular ion peak (mlz 636) in the electrospray mass 
spectrometry (ES-MS) spectrum after basic cleavage. The resultant deprotected 
glycoside 102 was then treated with trimethylammonium sulfate complex to produce 
the sulfate di-ester 103. The product was then analysed by MS after basic cleavage 
from the resin. 
The fact that the desired sulfate di-ester product 103 appeared to have formed 
(in an undetermined yield) lends promise to the notion that the protecting groups of 
the MEM protected sugar 60 can be manipulated on the solid phase for subsequent 
reaction and potential combinatorial library generation. 
73 
Reagents Used To 
Cause De-silylation 
Desired Product Detected 
By MS Analysis (mlz 636) 
5 eq TBAF (1.0 M solution in No 
THF), 16 h, R.T. 
5 eq TBAF (0.25 M solution No 
in THF), 16 h, R.T. 
5 eq TBAF (0.05 M solution No 
in THF), 16 h, R.T. 
5 eq TBAF (1.0 M solution in 
THF), Phosphate No 
buffer (pH 7), 16 h, R.T. 
5 eq TBAF (1.0 M solution in 
THF), Phosphate No 
buffer (pH 4), 16 h, R.T. 
Et3N.3HF, THF, 16 h, R.T. No 
DDQ, MeCN:water [9:1], Yes 
16h,R.T. 
Table 3. Reagents used to cause de-silylation of Tentagel ®-bound di-ester 101 
The strategy employed to achieve C-6 sulfation of di-ester 101 on Tentagel ® 
(Scheme 40) was extended to effect the C-6 esterification of Tentagel ®-bound di-
sulfate 97. Unfortunately, in this case DDQ failed to cause desilylation at the C-6 
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Scheme 40. Sulfation of Tentagel ®-bound di-ester 101 
4.3 Chapter summary 
A general coupling protocol utilising DIC was developed to allow for the 
efficient coupling of linker 1 to Carboxy-Tentagel ®, PEGA®, polystyrene and 
Synphase" crown solid supports. Additionally, suitable acidic and basic conditions 
were developed to effect quantatitive cleavage of linker I from solid support. 
An activated solution of NIS/TIOH was used to facilitate the nucleophilic 
displacement of the thioethyl group of linker 1 by alcohols. This technique allowed 
for a variety of saccharides to be coupled to solid support via linker 1. Subsequent 
chemical cleavage of the resultant solid support-bound saccharides was used to 
determine the extent of initial saccharide coupling. 
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A preliminary study into the development of regioselective reactions of solid 
support-bound saccharides is also reported within this chapter. Although non-
selective di-sulfation and non-selective di-esterification of solid support-bound 
saccharides was accomplished, the stannylene acetal methodology commonly used to 
effect regioselective sulfation of saccharides in solution (Section 3.3) was found not 
to be compatible with the solid phase. 
4.4 Future work - reactions of saccharides on the solid phase 
Having optimised general coupling and chemical cleavage protocols for the 
attachment/removal of linker 1 to/from a variety of solid supports, future work 
should focus upon the development of carbohydrate reactions on the solid phase. 
These reactions would be such that they would ultimately allow for the generation of 
combinatorial libraries of saccharides related to partial structures of heparin sulfate 
to be achievable. 
It has also been reported within this thesis that linker 1 can indeed be used to 
attach carbohydrates to solid support and that preliminary studies into the sulfation 
and esterification of the resultant support-bound carbohydrates have been performed. 
Consequently, the findings from these sulfation and estenfication reactions 
should serve as a basis from which future solid phase protocols could be developed 
that would allow reactions of saccharides to proceed with regioselective control. 
Also of importance will be the need to develop efficient procedures for the 
successful manipulation of carbohydrate protecting groups on the solid phase. Being 
able to control which carbohydrate hydroxyl groups on the solid phase are exposed 
to different reagents will form a critical part of combinatorial library generation. The 
traditional and well established methods for forming or removing carbohydrate 
protecting groups in solution may not always be compatible with the solid phase. As 
a result, potential problems in this area will need to be overcome. 
Another key area that will have to be considered in working towards the 
development of combinatorial library generation is glycosidation. Glycosidation in 
solution is now well studied and can be performed either chemically or 




glycosidation on the solid phase can still be considered to be in its infancy. 
Controlling the stereo- and regiochemistry of glycosidation is a particular problem 
associated with the solid phase. 
Therefore, future work in this area should involve optimisation of suitable 
solid phase glycosidation conditions. This would negate the need for the time-
consuming alternative in which substrates would have to be cleaved from solid 
support so as to perform a glycosidation reaction. 
In the future development of solid phase methodolgies that will lead towards 
the synthesis of saccharides related to partial structures of heparin sulfate, an 
understanding of the selectivity of reactions on the solid phase should be gained. It 
may therefore prove worthwhile to investigate whether or not such methodolgies can 
be applied outwith carbohydrate chemistry. 
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S Results And Discussion - Enzymatic Studies 
5.0 Optimisation of the enzymatic cleavage of linker 1 from solid support 
Quantitative cleavage of linker 1 can be accomplished under mildly basic or 
acidic conditions. However, having incorporated an external phenylacetamide side-
chain into the design of linker 1, cleavage by the enzyme penicillin amidase should 
also be possible. The mechanism by which penicillin amidase would be expected to 
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Scheme 41. Proposed mechanism of enzymatic cleavage of linker 1. It is envisaged 
that the mechanism of enzymatic cleavage would be initiated by hydrolysis of the 
phenylacetamide moiety, generating a hemiaminal 106 that should easily fragment in 
aqueous medium to ultimately yield aldehyde 107 and ammonia. 
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Enzymatic reactions occur selectively under mild, neutral conditions. In 
theory therefore, linker I should be able to act as a suitable linker species for the 
solid phase synthesis of highly acid/base labile carbohydrates. Before such 
carbohydrate synthesis can be realised however, a reliable and high yielding 
procedure for performing the enzymatic cleavage of support-bound linker 1 had to be 
developed. 
Penicillin amidase enzyme was purchased in the form of a solution in 0.1 M 
potassium phosphate buffer (pH 7.5). To enable direct comparison of experimental 
results it was ensured that the enzyme was continually purchased from a single 
source (Sigma) which could supply the enzyme solution in a constant form of 76 mg 
of protein/ ml and 23 units/ mg of protein. Between use the enzymatic solution was 
stored at -20 °C, allowing it to thaw completely to R.T. prior to use. 
Initial studies established that azide 46, a soluble form of linker 1, could be 
cleaved in a yield of 71% by penicillin amidase (Scheme 42). The cleavage products 
were separated from the enzyme using a SR3 spin column concentrator. Using 
HPLC, the concentration of recovered phenylacetic acid 38 cleavage product was 
then monitored to enable the extent of enzymatic cleavage to be determined (by the 
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Scheme 42. Cleavage of a soluble form of linker 1 by penicillin amidase. Reagents 
and conditions: (i) penicillin amidase in 0.1 M potassium phosphate buffer (pH 7.5, 
1.0 ml), R.T., 16 h (ii) centrifugation (within SR3 spin column concentrator), 4 h 
The yield of 71% for soluble linker cleavage was unexpected as it was 
assumed that treatment of azide 46 with penicillin amidase would result in 
quantitative cleavage. As a control, a known concentration of phenylacetic acid was 
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mixed with penicillin amidase under the conditions illustrated in Scheme 42. 
Subsequent HPLC analysis revealed that the concentration of recovered phenylacetic 
acid was lower than the initial concentration added. This significant loss of 
phenylacetamide product had therefore to be taken into account in subsequent 
experiments where the observed concentration of phenylacetic acid cleavage product 
was used to calculate the yield of enzymatic cleavage of linker 1. 
Having successfully demonstrated that the structure of linker 1 allows for it 
to be cleaved enzymatically in solution, attention was then focused upon the solid 
phase. Tentagel® solid support was initially selected as the resin of choice for such 
studies as not only does it swell in organic solvents, but it also does so under aqueous 
enzymatic conditions. 
Prior to attempting the enzymatic cleavage of Tentagel ®-bound linker 1, it 
was established that the penicillin amidase enzyme did not react any manner with the 
Tentagel ®  resin itself and that Tentagel-bound linker 1 was stable to the phosphate 
buffer present in the enzymatic solution. These findings were determined by 
overnight mixing of the appropriate reagents under enzymatic cleavage conditions 
(Section 10.0. 1) and using HPLC to observe any cleavage products formed. 
Tentagel®-bound linker 1 was treated with penicillin amidase (according to 
the protocol illustrated in Scheme 42) and a SR3 spin column concentrator was used 
to separate the resultant cleavage products from both the enzyme and the resin. The 
cleavage mixture that had passed through the molecular weight filter fitted inside the 
SR3 spin column concentrator was analysed by HPLC. It was subsequently found 
from the observed concentration of phenylacetic acid 38 present that the enzymatic 
cleavage of Tentagel ®-bound linker I had occurred in a yield of 10%. 
Unable to pass through the molecular weight filter, the Tentagel ® resin from 
the cleavage reaction had remained in the upper chamber of the SR3 spin column 
concentrator after centrifugation. After washing away the spent enzyme, this resin 
was then treated with fresh penicillin amidase. However, no further cleavage 
products were observed via HPLC, despite the fact that the initial treatment with 
penicillin amidase had not resulted in quantitative cleavage. 
To discover if penicillin amidase was unable to quantitatively cleave 
TentageI®bound linker 1 despite successive exposure, T entage l® resin that had 
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already been treated with the enzyme was then exposed to 0.5 M NaOH. After 
neutralisation of the basic cleavage mixture, HPLC analysis indicated the presence of 
a substantial concentration of phenylacetic acid cleavage product. This result 
inferred that a substantial concentration of linker I had remained intact on the 
Tentagel resin beads despite treatment with penicillin amidase. 
To improve upon the yield of penicillin amidase cleavage the effects of 
varying the cleavage method and work-up were studied. 
By altering the concentration of penicillin amidase used in the reaction 
mixture whilst keeping all other factors constant, it was found that the optimal 
enzyme concentration to use was 175 units [0.1 ml of the enzymatic solution] (gave 
maximum yields of 10%). Warming the enzymatic cleavage mixture at 37 °C for the 
duration of the reaction was found not to have any advantageous effect on the 
cleavage yield. Sonication of the cleavage mixture was actually found to have a 
detrimental effect as it resulted in partial disintegration of the Tentagel ® resin. 
However, a slightly improved cleavage yield of 14% could be reproducibly obtained 
when an alternative acidic work-up procedure to that involving the use of SR3 spin 
column concentrators was adopted (Scheme 43). Unfortunately, this method would 
not be suitable for use in cases where acid sensitive carbohydrates were to be 
enzymatically cleaved. 
Having determined 14% to be the maximum yield obtainable for the 
enzymatic cleavage of linker I from T entage l®,  other solid supports were looked 
into. PEGA® resin is similar to Tentagel ® in the sense that it swells in both organic 
and aqueous media. Consequently, linker 1 was coupled to PEGA ® resin (as 
discussed in Section 4.0.1.i) and the product resin 80d was treated with the 
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If solid support = Tentagel, then SOs = SOs and cleavage yield = 14% 
If solid support = crown. then SOs = SOc and cleavage yield =  400/, 
If solid support PEGA, then SOn SOd and cleavage yield = 109/6 
Scheme 43. Cleavage of support-bound linker I by penicillin amidase. Reagents and 
conditions: (i) penicillin amidase (175 units) in 0.1 M potassium phosphate buffer 
(pH 7.5, 1.0 ml), R.T., 16 h (ii) 2 M HCI (0.5 ml) (to precipitate penicillin amidase) 
From the amount of phenylacetic acid 38 cleavage product observed by 
HPLC it was adjudged that PEGA ® resin was similar to Tentagel ® in the yield of 
linker I cleavage afforded by penicillin amidase (10%). Treatment of the PEGA ® 
resin recovered from the enzymatic cleavage mixture with THF:MeOH:NaOMe 
(4:1:1) solution revealed that a substantial concentration of linker I had in fact 
remained intact on the resin after exposure to penicillin amidase. This was also 
observed in the case of Tentagel®. 
Analysing the results from the enzymatic cleavage of linker 1 from both 
Tentagel® and PEGA® resins led to the conclusion that penicillin amidase was unable 
to effect quantitative linker cleavage. As discussed in Section 4.0.1.ii, this could be 
due to steric hindrance preventing penicillin amidase from reaching substrates within 
the resin beads. The enzyme is only able to cleave linker present on the exposed and 
easily accessible surfaces of the resin beads, which results in low cleavage yields. 
The fact that it was possible to subsequently observe, via basic cleavage, the support-
bound linker 1 that had been "missed" by penicillin amidase confirmed this 
hypothesis. 
If the steric hindrance argument holds true then when linker functionalised 
crowns 80c (Section 4.0.1. ii) are treated with penicillin amidase it would be expected 
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that the yield of enzymatic cleavage would increase in comparison to the yield 
obtained with swellable resins. In this instance the enzyme has only to "shave" the 
surfaces of the non-swellable crown supports to afford quantitative reaction. Indeed, 
on treating linker functionalised crowns 80c with penicillin amidase the yield of 
linker cleavage was observed to increase to 40% (Scheme 43). 
From this result it could be concluded that penicillin amidase was more 
efficient in cleaving linker I from a non-swellable solid support rather than swellable 
resins such as Tentagel and PEGA®. Furthermore, it was also apparent that despite 
the use of non-swellable solid supports, penicillin amidase was still unable to cleave 
support-bound linker I quantitatively. Treatment of crowns that had been recovered 
from the enzymatic cleavage mixture with base gave results that again suggested a 
substantial concentration of linker 1 had remained intact on the crown support after 
exposure to penicillin amidase. 
Despite attempts to the contrary, the cleavage of support-bound linker 1 by 
penicillin amidase could not be made to occur in yields greater than 40%. Why this 
was the case could not be readily explained. For example, a sufficient concentration 
of the enzyme was used within the cleavage mixtures so as to enable it to cause 
quantitative cleavage. 
It was suggested that perhaps an incompatibility between the penicillin 
amidase and the solid support prevented the achievement of a relatively high yield of 
linker cleavage, particularly as solution phase enzymatic cleavage of azide 46 was 
found to occur in yields greater than 40% (Scheme 42). 
As using non-swellable crown supports rather than swellable resins was 
found to increase the yield of enzymatic linker cleavage it may prove worthwhile in 
future work to investigate the use of further alternative supports, such as soluble 
polymers for example (Figure 20). 
HO O 
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Figure 20. MPEG soluble polymer support 
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Alternatively, the existence of a chiral centre within linker 1 (and the fact that 
it was not used in an enantiomerically pure form) may have had some consequences 
for the maximum enzymatic cleavage yield obtainable (Figure 21). 
The presence of this chiral centre would seem to have had a negligible effect 
in the case of the interaction between penicillin amidase and the soluble linker azide 
46. However, on the solid phase the enzyme may only be able to recognise one 
stereoisomer. 
To gain a further insight into the cleavage of linker 1 by penicillin amidase it 
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Figure 21. Linker 1 and its chiral centre (denoted as *) 
5.1 Enzymatic cleavage of solid support-bound saccharides 
Enzymatic cleavage of more complex alcohols bound to the linker was 
studied next. Benzylidene acetal protected glycoside 59 (Page 41) was coupled to 
Tentagel®  and Synphase" MD crown solid supports, via linker 1, to give loadings of 
0.16 mmol g and 25 mol g' respectively (Section 4.1). Both Tentagel ®-bound and 
crown-bound benzylidene acetal protected glycoside 59 were treated with penicillin 
amidase (Scheme 44). 
HPLC analysis of the resultant cleavage mixtures highlighted an absence of 
benzylidene acetal protected glycoside 59 cleavage product. These findings implied 
that penicillin amidase had failed to cleave support-bound species 91 in which the 
thioethyl group of the linker had been substituted by a carbohydrate unit. This failure 
of enzymatic cleavage on the solid phase was confirmed by treating the solid 
supports that had already been exposed to enzyme with THF:MeOH:NaOMe (4:1:1) 
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solution. The concentrations of the resultant benzylidene acetal protected glycoside 
59 cleavage product were such that it was possible to conclude that the support-
bound species 91 must have been unaffected by the exposure to penicillin amidase. 
To establish whether or not the inability of penicillin amidase to cleave 
support-bound benzylidene acetal protected glycoside 59 was an isolated case or if it 
applied to other carbohydrates in general, it was necessary to couple alternative 











Scheme 44. Cleavage of support-bound species 91 by penicillin amidase. Reagents 
and conditions: (i) penicillin amidase (175 units) in 0.1 M potassium phosphate 
buffer (pH 7.5, 1.0 ml), R.T., 16 h (ii) centrifugation (within SR3 spin column 
concentrator), 4 h 
Galactoside derivative 109 was deemed to be a suitable substrate with which 
to perform such a study. Galactoside derivative 109 is both cheap and readily 
available and the presence of the Q-nitrophenyl functionality would make detection 
of the cleavage products by U.V. absorbance straightforward. 
Galactoside derivative 109 was coupled to azide 46 via the C-6 primary 
hydroxyl group (Scheme 45). The protocol that had resulted in the successful 
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couplings of ethylene glycol derivatised carbohydrates to linker 1 (Section 4.1) was 
used with anhydrous DMF acting as the reaction solvent. Galactoside derivative 109 
could subsequently be cleaved from azide 46 using penicillin amidase in a yield of 
23% [assuming 100% initial loading onto azide 46] (Scheme 45). 
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Scheme 45. Enzymatic cleavage of galactose derivative 109 from a soluble linker. 
Reagents and conditions: (i) 46, NIS, DMF, molecular sieves, R.T., 16 h (ii) 
penicillin amidase (175 units) in 0.1 M potassium phosphate buffer (pH 7.5, 1.0 ml), 
R.T., 16 h (iii) centrifugation (within SR3 spin column concentrator), 4 h 
Galactoside derivative 109 was coupled to Synphase" crown solid support, 
via linker 1, to give a loading of 46% (15 tmo1 g'). This value was determined by 
treatment of the crown-bound galactoside derivative 109 with DCM:TFA:water 
(10:9:1) solution (Scheme 46). This solution was sufficiently acidic to result in the 
hydrolysis of the glycosidic bond within the galactoside derivative 109 and therefore 
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it was the concentration of released Q-nitropheñol 111 that was monitored to enable 
calculation of the loading. 
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Scheme 46. Coupling of galactoside derivative 109 to crown solid support 
Using the enzymatic conditions illustrated in Scheme 45 the crown-bound 
species 112 was treated with penicillin amidase. Work-up of the cleavage reaction 
mixture involved the addition of acid in order to precipitate the enzyme. Acid was 
added not only to provide a means of removing the enzyme, but to also result in the 
hydrolysis of the glycosidic bond within galactoside derivative 109. (This bond had 
previously been found to be stable to the phosphate buffer present in the penicillin 
amidase solution). Consequently, the products obtained from the enzymatic cleavage 
reaction were ultimately galactose 113 and Q-nitrophenol 111. 
As the desired Q-nitrophenol 111 cleavage product was not observed by 
HPLC analysis, enzymatic cleavage was determined to have failed. Treatment of the 
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post-enzymatic crowns with DCM:TFA:water (10:9:1) solution indicated that the 
crown-bound galactoside derivative 109 had been unaffected by the exposure to 
penicillin amidase. It was therefore concluded that the inability of penicillin amidase 
to cleave support-bound benzylidene acetal protected glycoside 59 was not an 
isolated case and in fact applied to other carbohydrates linked to solid support via 
linker 1. 
5.2 Determination of the extent of penicillin amidase cleavage of linker 1 by use 
of,&galactosidase 
The glycosidic bond within galactoside derivative 109 could be hydrolysed 
by acid to produce galactose 113 and Q-nitrophef101 111. This outcome can 
alternatively be achieved under neutral conditions by the action of the enzyme & 
galactosidase. 
fl-Galactosidase enzyme is selective in the sense that it will not hydrolyse the 
glycosidic bond if the galactoside derivative 109 has been further 
substitutedlfunctionalised. For example, ,8-galactosidase was mixed with Synphase" 
crown-bound species 112 overnight at R.T. and, in a separate vessel, with 
galactoside derivative 109 that had been coupled to azide 46. The resultant absence 
of Q-nitrophenol 111 cleavage product in each case confirmed that 18.galactosidase 
does not cleave the galactoside when attached to linker or solid support. 
&Galactosidase therefore had the potential to be used in an assay in which 
the degree of penicillin amidase cleavage of crown-bound galactoside derivative 109 
could be monitored under neutral conditions and measured against chemical 
cleavage (Scheme 47). 
The /3.galactosidase enzyme selectively hydrolyses only galactoside 
derivative 109 that has been cleaved from the solid support by penicillin amidase. 
Adding fl.galactosidase to the cleavage mixture and monitoring the subsequent 
release of U.V. active Q-nitrophenol 111 would then provide a means of determining 
the extent of the cleavage by penicillin amidase. Results obtained by this method 
could also be compared with results achieved via the acidic work-up protocol 
described in Section 5.1. 
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The protocol illustrated in Scheme 47 was initially performed on galactoside 
derivative 109 that had been coupled to soluble linker azide 46. In this example there 
was obviously no solid support to separate from the cleavage mixture for further 
analysis. After removing penicillin amidase from the cleavage mixture, /3-
galactosidase enzyme was added. The resultant concentration of Q-nitrophenol 111 
produced indicated that initial penicillin amidase cleavage of galactoside derivative 
109 from a soluble linker occurred in a yield of 18% [assuming 100% initial loading 
onto azide 46]. This result was similar to the yield of 23% cleavage that was 
determined by the alternative procedure in which the concentration of cleaved 
galactoside derivative 109 was monitored via HPLC (Section 5.1). 
When the protocol illustrated in Scheme 47 was performed on crown-bound 
species 112, the concentration of Q-nitrophenol 111 observed on addition of /3. 
galactosidase was zero. This implied initial cleavage by penicillin amidase had not 
occurred. To confirm this finding, crown solid support that had been exposed to 
penicillin amidase was then treated with DCM:TFA:water (10:9:1) solution. The 
concentration of Q-nitrophenol 111 observed in this instance was such that no 
previous enzymatic cleavage of the crown-bound species 112 must have occurred. 
These results agreed with the findings determined by the alternative work-up 
procedure in which acid rather than /3.galactosidase was added to the cleavage 
mixture to release Q-nitrophenol 111 (Section 5.1). 
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Scheme 47. Use of flgalactosidase enzyme to determine the extent of penicillin 
amidase cleavage 
Negative cleavage results were also obtained when the two enzymes, 
penicillin amidase and ,&galactosidase, were mixed together and used in a concerted 
fashion (Section 10.2.5), rather than separately as illustrated in Scheme 47. 
It could be concluded from the assay described by Scheme 47 that penicillin 
amidase was unable to cleave linker 1 from solid support if the thioethyl group of the 
linker had been substituted by a carbohydrate unit. However, the procedure 
illustrated in Scheme 47 has general implications and could be used to study the 
efficiency of linker species other than linker 1. It should also be feasible to extend 
this methodology to carbohydrates other than galactoside derivative 109. 
5.3 Molecular modelling 
Relatively low yields (no greater than 40%) were obtained for the cleavage of 
unsubstituted linker 1 from solid support by penicillin amidase. However, the soluble 
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linker 46 was cleaved in reasonable yield. When a carbohydrate unit was substituted 
for the thioethyl group of solid support-bound linker 1, the enzymatic cleavage failed 
to occur to any extent (Section 5.0 and 5.1). Therefore, in an attempt to uncover 
information that would account for these observations molecular modelling was 
performed where the active site in penicillin amidase responsible for the hydrolysis 
of linker I was studied (Appendices l-IV). 
The crystal structure of penicillin amidase is now available on the 
Brookhaven database. Approximate structures for the substrates to be modelled 
within the active site of penicillin amidase were obtained by entering the general 
structures and using energy minimisation software to obtain their approximate 
energy minimum configurations. This software extrapolated the structures based on 
the minimum energy interactions generated by the van-der-Waals, coulombic and 
hydrogen bond interactions of the atoms. 
On examining how linker I fitted within the active site (Appendix I) it 
seemed as though the phenyl moiety of the phenylacetamide component of linker 1 
pointed into a mainly hydrophobic pocket. This pocket appeared to be lined with 
many aromatic residues and hydrophobic side-chains. The modelling suggested that 
within the active site phenylalanine 24 and phenylalanine 57 residues could 
participate in favourable aromatic interactions with the phenylacetamide component 
(Appendix II). 
Additionally, phenylalanine 71, phenylalanine 146 and phenylalanine 256 
residues seemed able to interact favourably with the aryl component of linker 1 
(Appendix III). These interactions would aid the secure holding of linker 1 within the 
active site. It also appeared as though asparagine 241 might interact with the 
thioethyl group of linker 1. 
It did seem that linker 1, in its energy minimum configuration, could fit 
suitably within the active site of penicillin amidase. The modelling studies also 
suggested that the active site could likely accommodate both enantiomeric forms of 
linker 1 (Appendix IV), which implied that the enzyme might not exhibit 
stereoselectivity towards the linker. Similar findings were also obtained when a 
sugar unit was attached to linker 1 and the resultant solution phase species modelled 
within the active site. 
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However, in the case of solid support-bound linker 1 it seemed as though the 
presence of the solid support made it difficult for the linker to fit within the active 
site. The modelling suggested that the steric bulk of the solid support would hinder 
enzymatic cleavage. The presence of the chiral centre within linker 1 on the solid 
phase did not seem to complicate matters. 
When a carbohydrate unit (glycoside 59 [Page 41]) was modelled as having 
been coupled to solid support-bound linker I it seemed that the linker was prevented 
from adopting its energy minimum configuration within the active site. It appeared 
necessary to move away from the energy minimum configuration in order to fit this 
substrate within the active site so as to avoid unfavourable steric interactions with 
the 6.sheet formed by residues 375 to 390. 
Molecular modelling therefore went some way towards confirming the 
explanations for the experimental findings (Section 5.0) in which the chiral centre of 
linker I and the steric hindrance between the solid support and penicillin amidase 
were considered as being contributing factors towards the poor enzymatic cleavage. 
Molecular modelling studies appeared to suggest that the chiral centre within the 
linker was not of significant importance to the result of enzymatic cleavage. 
However, it did appear as though the steric bulk of the solid support hindered the 
efficiency of penicillin amidase to effect cleavage. This would also explain why use 
of non-swellable crown solid supports resulted in higher enzymatic cleavage yields 
being obtained in comparison to swellable resins, such as T entagel® for example. In 
the latter's case the enzyme would have to penetrate the resin in order to reach all the 
support-bound substrate. However, steric hindrance between the resin and the 
enzyme would seem to make such a feat difficult. The modelling studies also 
provided an indication as to why cleavage of carbohydrates, such as glycoside 59, 
that had been linked to solid support via linker 1 could not be cleaved by penicillin 
amidase. 
5.4 Chapter summary 
The optimisation of the enzymatic hydrolysis of linker 1 from solid support 
by the use of penicillin amidase is described within this chapter. 
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A variety of solid supports deemed to be compatible with the aqueous 
enzymatic cleavage conditions were studied to determine the most suitable. The 
maximum yield obtainable for the enzymatic cleavage of unsubstituted linker I from 
solid support was found to be 40% and occurred when the non-swellable Synphase" 
MD crown support was used. 
When saccharide building blocks/substrates were linked to solid support via 
linker 1 and subsequent hydrolysis by penicillin amidase was attempted the 
experimental data obtained suggested that enzymatic cleavage was failing to occur. 
A possible explanation came from molecular modelling studies on the active site of 
penicillin amidase. It appeared as though the solid support-bound saccharide species 
were prevented from adopting their energy minimum configurations within the 
active site due to steric hindrance. 
5.5 Future work - enzymatic cleavage of linker 1 
From molecular modelling studies it appeared as though linker I would be 
more effective in acting as an enzyme cleavable linker for use in solid phase 
carbohydrate chemistry if it provided a greater distance between the support-bound 
substrate to be cleaved and the solid support itself. This would mean that the 
support-bound substrates would be further away from the solid support during the 
enzyme cleavage reaction and therefore steric hindrance between the solid support 
and the enzyme would be less of a factor. This should result in an increase in the 
enzymatic cleavage yields of support-bound carbohydrates. 
Consequently, future work in the area concerning the optimisation of linker 1 
as an enzyme cleavable linker for use in solid phase carbohydrate chemistry may 
involve extending the length of the spacer component of the linker (Figure 22). 
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Figure 22. Extension of the spacer component of linker 1 
Incorporation of a peptide chain may be one way to suitably extend the 
spacer component of linker 1. Alternatively, a polyethylene glycol chain acting as 
the spacer component may prove successful. Care will have to be taken to ensure that 
the spacer component is sufficiently rigid so as not to fold up upon itself (particularly 
in relevant reaction solvents) and therefore defeat the purpose of its own existence. 
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6 General Experimental 
6.0 Equipment and reagents 
'H-Nuclear magnetic resonance (NMR) and ' 3C-NMR spectra were recorded 
on Bruker AC200, Bruker AC250 and Varian Gemini 200 instruments. Chemical 
shifts (H &) are reported in parts per million (ppm) and coupling constants (J) are 
reported in Hertz (Hz). 
Fast atom bombardment (FAB) mass spectrometry was performed using a 
Kratos MS50TC instrument and electron impact (El) mass spectrometry was carried 
out on a Finnigan 4500 instrument. Electrospray (ES) mass spectrometry was carried 
out on a Micromass Platform 11. 
Infra-red (IR) spectra were recorded on a BioRad FTS-7 or a Perkin Elmer 
Paragon 1000 FT-IR spectrometer with the frequencies (v) being measured in 
wavenumbers (cm - '). Samples were recorded as thin films using sodium chloride 
plates and nujol mulls or in solution using CHCI 3 . 
U.V.-visible spectroscopy was performed on a Hewlett Packard 8453 U.V.-
visible spectrometer. 
Optical Rotations were measured on an Optical Activity AA-1000 
polarimeter with a cell path length of 1 dm and concentrations (c) quoted in g/l OOml 
(sodium 589 nm detection). [a] D values are given in 10'deg cm 2 g'. 
Elemental analysis was carried out using a Perkin Elmer 2400 CHN 
Elemental Analyser. 
Melting points (m.p.) were measured on a Gallenkamp melting point 
apparatus and were uncorrected. 
A Stuart Scientific SB! 360° blood rotator or a New Brunswick Scientific 
G76 Gyrotory shaker was used to agitate resin-bound samples at room temperature. 
An Eppendorf 5410 Centrifuge was used to spin samples prior to HPLC analysis and 
a MSC Mistral 2000R Centrifuge was used to spin SR spin-column concentrators. A 
Langford Ultrasonics Sonomatic Sonicator (supplied by Anachem) was used to 
sonicate certain enzymatic reactions. 
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Analytical TLC was performed on aluminium-backed plates coated with 
silica gel 60F2 (Merck: layer thickness of 0.2 mm). For flash chromatography, 
silica gel C60 (Merck: 40-60 pm) was used, and for dry-flash chromatography, silica 
gel C600 (Merck: 5-40 pm) was used. The components were identified by U.V. light 
(254 nm); for sugar derivatives a solution of 5% sulfuric acid! 5% -anisaldehyde in 
ethanol was used; for amino derivatives a solution of 0.3% ninhydrinl 3% acetic acid 
in butan- I -ol was used. 
All reagents were standard laboratory grade and used as supplied unless 
otherwise stated. Where a solvent is described as anhydrous either it was purchased 
as anhydrous grade or was distilled prior to use; dichloromethane was distilled from 
calcium hydride and tetrahydrofuran was distilled from sodium benzophenone ketyl. 
Where petroleum ether (PE) is stated, petroleum ether b.p. 40-60 °C was used unless 
otherwise stated. 
Penicillin amidase enzyme was purchased from Sigma as a solution in 0.1 M 
potassium phosphate buffer pH 7.5 (76 mg of protein! ml, 23 units/ mg of protein). 
,&Galactosidase (,&D-galactoside galactohydrolase; EC 3.2.1.23) enzyme, from 
bovine liver, was purchased from Sigma as a lyophilised powder (c.a. 95% protein 
and 5% buffer salts) (0.14 units/ mg of solid, 0.15 units/ mg of protein). 
Carboxy Tentagel® resin, carboxy-polystyrene resin and AminoPEGA®  resin 
were purchased from NovaBiochem. Synphase" MD non-functionalised 0-series 
crowns were purchased from Chiron Technologies. Centricon SR3 spin-column 
concentrators were purchased from Amicon. Isolute SPE tubes, Isolute SPE tubes 
pre-packed with silica and Isolute SPE tubes fitted with C18 hydrophobic frits were 
purchased from International Sorbent Technology Ltd. 
6.1 High Performance Liquid Chromatography (HPLC) 
The HPLC system used consisted of a Waters 486 Tuneable Absorbance 
Detector and a Waters 600E Pump and Controller together with the Waters 
Millennium Chromatography manager. The column employed was a Phenomenex 
Sphereclone RP-18 (5 .tm particle size) with dimensions 25 cm by 4.6 mm internal 
diameter. A Spherisorb ODS 2 (5 j.tm particle size) pre-column of length 1 cm was 
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also used. Samples were injected via a 20 jii loop and a flow rate of 1 ml/ min was 
used for elution. A wavelength of 215 nm was used for sample detection. 
Initially, phenylacetic acid and phenylacetamide were monitored using 
gradient elution (System 1, Table 4). 
Time 
(mm) 
% Phosphate buffer 
(25 niNi, pH 6.5) 
% Acetonitrile 
0 100 0 
15 85 15 
20 60 40 
30 60 40 
40 100 0 
50 100 0 
55 100 0 
Table 4. System I HPLC gradient 
In the case of gradient elution three standards were run for phenylacetic acid 
and phenylacetamide and a calibration curve constructed for each. This was later 
replaced by an isocratic system (System 2; 0.1% TFA:MeCN [70:30]). For analysing 
saccharides a different isocratic system was used (System 3; 0.1% TFA:MeCN 
[60:40]). 
When using the isocratic systems three standards were run for each 
compound and a calibration curve constructed or a standard concordancy test was 
carried out. 
6.2 General protocols 
6.2.1 Resin/crown washing protocol 
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A wash cycle for c.a. 20-50 mg of resin, or alternatively one Synphase" MD 
crown, typically consists of THF (3 ml x 2), DMF (3 ml x 2), DMF:MeOH (1:1) (3 
ml x 2), DMF (3 ml x 2), THF (3 ml x 2) and DCM (3 ml x 2). 
6.2.2 F-moc analysis 
Dry resin (2-10 mg), or a quarter fragment of one Synphase' MD crown, was 
accurately weighed in to a 5 ml or 10 ml volumetric flask. Freshly prepared 20% 
piperidine in DMF solution was added up to the mark and the mixture sonicated for 
10 mm. The supernatant was transferred to a U.V. cell (1 cm lightpath) and the 
absorbance at X = 301 nm recorded. The loading was then calculated using Equation 
1 derived from the Beer-Lambert Law using the extinction coefficient of N-(9-
fluoroenylmethyl)piperidine quoted by Sabatier et alJ951 
Equation 1: L = Ax V/7.8 x m, 
where: L = loading in mmol F-moe/ g resin 
A = absorbance at X = 301 nm 
V = volume in ml 
in = mass of resin or crown fragment in mg 
6.2.3 JR spectroscopy 
To obtain an IR spectrum of a resin-bound sample, DCM is used to swell the 
resin between sodium chloride plates. 
6.2.4 Coupling of linker ito solid support 
6.2.4.i Coupling protocol utilising TBTU 
Linker 1 (6eq), TBTU (13.5eq) and HOBt (13.5eq) were placed in a screw-
top vial and dissolved in anhydrous DMF. Carboxy-functionalised solid support 
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(1 eq) and then DIPEA (14.2eq) were added and the mixture shaken for 16 h at R.T. 
The solid support was then collected by filtration, washed according to the standard 
resin/crown washing protocol (Section 6.2. 1) and dried using a vacuum pump to give 
the solid support-bound linker species. 
62.4.ii Coupling protocol utilising DIC 
Linker 1 (6eq), DIC (13.5eq) and HOBt (13.5eq) were placed in a screw-top 
vial and dissolved in anhydrous DMF. Carboxy-functionalised solid support (1 eq) 
and then DIPEA (14.2eq) were added and the mixture shaken for 16 h at R.T. The 
solid support was then collected by filtration, washed according to the standard 
resin/crown washing protocol (Section 6.2. 1) and dried using a vacuum pump to give 
the solid support-bound linker species. 
6.2.4. iii Recycling of the linker 1 coupling mixture 
The linker 1 coupling solution (either TBTU or DIC) that had been separated 
from the solid support by filtration as described in Sections 62.4.i and 62.4.ii was 
retained. Avoiding significant delay, fresh carboxy-functionalised solid support was 
then added and the mixture shaken for 16 h at R.T. The solid support was collected 
by filtration, washed according to the standard resin/crown washing protocol 
(Section 6.2.1) and dried using a vacuum pump to give the solid support-bound 
linker species. 
6.2.5 Cleavage of linker 1 from solid support 
6.2.5.i Cleavage of linker I from Tentagel, PEGA '' and Synphase " MD 
crown solid supports using 2 M HCl 
In a 5 ml SPE tube, a suspension of resin (10 mg) or one Synphase' MD 
crown solid support in 2 M HCI (1.0 ml) was agitated on a blood rotator for 16 h at 
R.T. An aliquot of the solution (100 il) was then pipetted into an epindorph and 
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neutralised (pH 6 to 8) using a measured amount of 2 M NaOH. The aliquot was then 
placed on a centrifuge for 30 sec, before a portion of the aliquot (25 il) was analysed 
via HPLC (System 1 [Section 6.1] for Tentagel ® and PEGA solid supports or 
System 2 [Section 6.1] for Synphase' MD crown solid support). 
From the amount of phenylacetic acid 38 and phenylacetamide 88 cleavage 
products observed via HPLC it is possible to calculate the extent of linker I coupling 
to solid support. 
62.5.ii Cleavage of linker 1 from Tentagel'', PEGA ' polystyrene and 
Synphase — MD crown solid supports using TFA 
A suspension of resin (10 mg) or one Synphase MD crown solid support in 
DCM:TFA:water (10:9:1) (1.0 ml) was agitated on a blood rotator for 4 h at R.T. An 
aliquot was removed (300 l.tl), concentrated to dryness in vacuo then dissolved in 
HPLC grade MeOH (300 il) before being placed on a centrifuge for 30 sec. A 
portion of the aliquot (25 il) was analysed via HPLC (System 1 [Section 6.11 for 
Tentagel®, PEGA® and polystyrene solid supports or System 2 [Section 6.1] for 
Synphase" MD crown solid support). 
From the amount of phenylacetic acid 38 and phenylacetamide 88 cleavage 
products observed via HPLC it is possible to calculate the extent of linker 1 coupling 
to solid support. 
6.2.5. iii Cleavage of linker 1 from Tentagel', PEGA 0 and Synphase ' MD 
crown solid supports using 0.5 MNaOH 
In a 5 ml SPE tube, a suspension of resin (10 mg) or one Synphase" MD 
crown solid support in 0.5 M NaOH (1.0 ml) was agitated on a blood rotator for 16 h 
at R.T. An aliquot of the solution (100 j.tl) was then pipetted into an epindorph and 
neutralised (pH 6 to 8) using a measured amount of 0.5 M HCI. The aliquot was then 
placed on a centrifuge for 30 sec, before a portion of the aliquot (25 il) was analysed 
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via HPLC (System 1 [Section 6.1] for Tentagel ® and PEGA® solid supports or 
System 2 [Section 6.1] for Synphase" MD crown solid support). 
From the amount of phenylacetic acid 38 cleavage product observed via 
HPLC it is possible to calculate the extent of linker 1 coupling to solid support. 
6.2.5. iv Cleavage of linker 1 from Tentagel'', PEGA polystyrene and 
Synphase"MD crown so/id supports using sodium methoxide 
A suspension of resin (10 mg) or one Synphase" MD crown solid support in 
THF:MeOH:NaOMe (4:1:1) (1.0 ml) was agitated on a blood rotator for 16 hat R.T. 
An aliquot was removed (300 j.tl), concentrated to dryness in vacuo then dissolved in 
HPLC grade MeOH (300 j.tl) before being placed on a centrifuge for 30 sec. A 
portion of the aliquot (25 j.tl) was analysed via HPLC (System 1 [Section 6.1 for 
Tentagel®, PEGA® and polystyrene solid supports or System 2 [Section 6.1] for 
Synphase' MD crown solid support). 
From the amount of phenylacetic acid 38 cleavage product observed via 
HPLC it is possible to calculate the extent of linker 1 coupling to solid support. 
62.5. v Cleavage of linker 1 from Tentagel, PEGA '' and Synphase " MD 
crown solid supports using penicillin amidase and SR3 spin-column concentrators 
A solution of penicillin amidase (175 units) in 0.1 M potassium phosphate 
buffer (pH 7.5, 1.0 ml) was added to solid support-bound linker 1 and the mixture 
agitated on a blood rotator for 16 h at R.T. The solution was removed and placed in 
the top chamber of a SR3 spin-column concentrator, which was then placed on a 
centrifuge for 4 h. An aliquot of the filtrate (25 tl) was analysed without further 
purification via HPLC (System 1 [Section 6.1]). 
6.2.5. vi Cleavage of linker 1 from Tentagel, PEGA 0 and Synphase ' MD 
crown solid supports using penicillin amidase and an acidic work-up 
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A solution of penicillin amidase (175 units) in 0.1 M potassium phosphate 
buffer (pH 7.5, 1.0 ml) was added to solid support-bound linker 1 and the mixture 
agitated on a blood rotator for 16 h at R.T. The solution was removed, treated with 2 
M HCI (0.5 ml) and extracted with DCM (2 x 5.0 ml). The combined organic layers 
were then concentrated to dryness in vacuo. The remaining residue was then 
dissolved in HPLC grade MeOH (300 il) and analysed via HPLC (System 1 [Section 
6.1]). 
6.2.6 Coupling of saccharide building blocks/substrates to solid support 
6.2.6. i Coupling protocol utilising NIS 
A suspension of the sacchande building block/substrate (6eq), solid support-
bound linker species 80 (1 eq) and 4 A molecular sieves in anhydrous DCM was 
agitated on a blood rotator for 30 mm. Dried NIS (4eq) was then added and the 
mixture agitated for a further 16 h at R.T. The solid support was collected by 
filtration, washed according to the standard washing protocol (Section 6.2.1), 
separated from molecular sieves by decantation and dried using a vacuum pump. 
6.2.6. ii Coupling protocol utilising an activated solution of NIS 
A suspension of the saccharide building block/substrate (6eq), solid support-
bound linker species 80 (leq) and 4 A molecular sieves in anhydrous DCM was 
agitated on a blood rotator for 30 mm. At the same time and in a separate vessel, 
dried NIS (4eq) and TfOH (catalytic amount) were dissolved in anhydrous DCM to 
form an activated NIS solution, which was then shaken for 30 min before being 
added to the suspension containing the solid support and saccharide. The reaction 
mixture was then shaken for 16 h at R.T. before the solid support was collected by 
filtration, washed according to the standard washing protocol (Section 6.2.1), 
separated from molecular sieves by decantation and dried using a vacuum pump. 
6.3 Nomenclature of resin-bound compounds 
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When naming compounds in accordance with IUPAC recommendations it is 
necessary to determine the characteristic group to be cited as a suffix or as functional 
class name. 
For example, in the case of linker 1, the amide functional group takes 
precedence over the thioether and amine functional groups. The amide, therefore is 
the characteristic group and the other groups are substituents that are described using 
prefixes in alphabetical order. Hence, linker I is called N-1-(4-(3-
aminopropylcarbamoyl)phenyl(ethylsulfanyl)-methyl)-2-phenylacetamide. 
0 
N _~e NNH2 
0 	SEt 
For naming resin-bound compounds the resin is taken as the functional class 
name. For example 4- {[ethylsulfanyl-N-(2-phenylacetyl)]aminomethyl) - 
benzamidopropylamido tentagel (80a). 
	
0 	 0 
N 
'je N----,_-,"-N J---O 
SEt 	 80a 
6.4 Calculation of yields for resin-bound compounds 
When calculating the yield for resin-bound compounds the weight increase or 
loss incurred during the reaction is taken into account. For example, in the case of 
coupling linker 1 to carboxy-polystyrerie, (Scheme 48), the loading of the functional 
groups on the carboxy-polystyrene was 1.24 mmol g'. If complete coupling is 
achieved 1.0 g of resin will increase in weight by (1.24 x iO x [molecular weight of 
103 
linker I - 18]) = 0.46 g. The loading of linker would therefore be 1.24 x 10/1.46 = 
0.85 x 10 -3 mol g'. If cleavage from the resin indicates a loading of 840 .tmol g' then 
(840/850 x 100)% coupling has been achieved. 
0 




Molecular 	DIC, HOBt, 
16 h, R.T. 
sieves, 	DIPEA, DMF 
0 	 0 
SEt 	 BOb 
Scheme 48. Coupling of linker Ito carboxy-polystyrene solid support 
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7 Experimental - Solution Phase Synthesis Of Linker 1 
7.0 Synthesis of N-1_(4_(3-aminopropylcarbamoyl)phenyl(ethYlsUlfanYl)-
methyl)-2-phenylacetamide (1) 
7.0.1 Preparation of 3-azidopropylamine (42)[63] 
H 2N 	 N3 
42 
Sodium azide (11.5 g, 180 mmol) was added to a solution of 3-
chioropropylamine hydrochloride (10.0 g, 77 mmol) in distilled water (35.0 ml), and 
the mixture heated under reflux for 16 h. The mixture was cooled to 0 °C before 
ether (30 ml) and potassium hydroxide pellets (5.2 g, 93 mmol) were slowly added, 
so as to ensure that the temperature did not rise above 10 °C. The resulting biphasic 
mixture was separated and the aqueous layer was extracted with ether (2 x 30 ml), 
saturated with sodium chloride, then extracted with ether (2 x 30 ml). The organic 
phases were combined and dried using sodium sulfate, before being concentrated to 
dryness to give a pale brown oil, which was then distilled to give azide 42 as a clear 
oil (5.0 g, 65%). Boiling point (b.p.) 49 °C (literature value (lit.) 63' 50 °C); Rf 
baseline [PE:EtOAc (2:1)]; ö (CDCI 3 : 200 MHz) 1.23 (2H, s, N11 2), 1.66 (2H, tt, J 
7.0, 7.0 CH 2CU3CH2), 2.75 (2H, t, J 7.0, NH 2CU2), 3.30 (2H, t, J 7.0, Cff2N3); UIAX  
(CHC13)/ cm' 2095 (N 3 stretch), 3380 (NH 2); mlz (El') 100 (M, 15.8%), 84 ([M-
NH2], 10.4), 58 ([M*_N3] ,  20.0). 
7.0.2 Preparation of 4-formyl-N-(3 '-azidopropyl)benzamide (44) 
105 
0 
44 -ye.  
0 
Under an inert atmosphere, anhydrous THF (20.0 ml) and thionyl chloride 
(10.76 g, 6.60 ml, 91 mmol) were added to carboxybenzaldehyde (4.53 g, 32 mmol) 
and the mixture heated until all reactants dissolved. Further heating under reflux for 
2 h followed by removal of the solvent in vacuo gave the acid chloride as a white 
solid. The acid chloride was then taken up in anhydrous THE (20.0 ml) and 
transferred by canula to a cooled solution of azide 42 (3.02 g, 30 mmol) and Et 3N 
(3.66 g, 5.04 ml, 36 mmol) in anhydrous THF (20.0 ml). Throughout the addition the 
temperature was maintained below 8 °C. The resultant mixture was stirred at room 
temperature for 1 h, after which time distilled water (20 ml) was added and the 
solution extracted with chloroform (3 x 20 ml). The aqueous layer was then saturated 
with sodium chloride before being further extracted with chloroform (2 x 20 ml). 
The combined organic phases were dried over sodium sulfate then distilled in vacuo 
to give aldehyde 44 as a semi-crystalline product (3.83 g, 55%). Rf 0.40 [PE:EtOAc 
(2:1)]; 5H  (CDCI 3 : 250 MHz) 1.85 (2H, tt, J 7.0, 7.0 CH 2CII2CH2), 3.39 (2H, t, J 7.0, 
NHCU2), 3.51 (2H, t, J 7.0, C11 2N3), 6.78 (1 H, s (broad), NH), 7.85 (4H, s, CHar), 
10.00 (1H, s, CHO); ö (CDC1 3 : 63 MHz) 27.2 (CH2), 36.6 (CH2N3), 48.2 (NHCH 2), 
126.3, 128.5 (4 x CHar), 136.8, 138.2, (2 x Car), 165.3 (CONH), 190.3 (CO 
aldehyde); UMAX (Nujol)/ cm' 1663 (C=O amide), 1726 (aldehyde C=O), 2100 (N 3 
stretch), 3446 (NH); mlz (El') 232 (M', 3.7%), 190 ([M' - N311 18.2), 176 ([M' - 
CH2N3 1 1  18.4), 162 ([M' - CH2CH2N3], 14.6), 148 ([M - (CH 2)3N3], 8.9), 133 ([M' - 
NH(CH2)3N3 ]
1 
 100.0) 105 ([M' - CONETI(CH 2)3N3], 365). 






Azide 42 (1.00 g, 9.9 mmol) and carboxybenzaldehyde (1.50 g, 9.9 mmol) 
were mixed in anhydrous THF (30.0 ml) under an inert atmosphere. Once all the 
reactants had dissolved EEDQ (2.96 g, 9.9 mmol) was slowly added and the mixture 
stirred at 35 °C for 24 h. 0.1 M HCI (50.0 ml) was added and the aqueous layer was 
then extracted with chloroform (3 x 40 ml), saturated with sodium chloride and then 
further extracted with chloroform (2 x 40 ml). The organic phases were combined, 
dried over magnesium sulfate and concentrated to dryness in vacuo. The crude 
product was purified by column chromatography [PE:EtOAc (2:1)] to give aldehyde 
44 as a white solid (1.51 g, 66%). M.p. 101 °C; RfO.40 [PE:EtOAc (2:1)]; Found: C, 
56.71%, H, 5.00%, N, 23.94%. Requires: C, 56.89%, H, 5.21%, N, 24.12%; oH 
(CDC13: 200 MHz) 1.82 (2H, tt, J 7.0, 7.0 CH 2CU2CH2), 3.33 (2H, t, J 7.0, NHCU2), 
3.45 (2H, t, J 7.0, C112N3), 6.71 (1H, s (broad), NH), 7.80 (4H, s, CHar), 9.94 (1H, s, 
CHO); E, (CDCI 3 : 63 MHz) 27.1 (CH 2CH2CH2), 36.6 (CH2N3), 48.2 (NHCH 2), 
126.2, 128.4 (4 x CHar), 136.7, 138.2, (2 x Car), 165.1 (CONH), 190.2 (CO 
aldehyde);. UM (Nujol)/ cm' 1660 (C0 amide), 1724 (aldehyde C=O), 2110 (N 3 
stretch), 3337 (NH); mlz (El') 232 (M', 8.7%), 190 ([M - N 3 1, 27.4), 105 ([M - 
CONH(CH2)3N3 1, 40.1). 








A mixture of aldehyde 44 (500 mg, 2.1 mmol), phenylacetamide (291 mg, 2.1 
mmol) benzotriazole (260 mg, 2.1 mmol), TsOH (catalytic) and anhydrous toluene 
(30.0 ml) was heated under reflux for 16 h in Dean-Stark apparatus. After letting the 
mixture cool, the solvent was removed in vacuo. The crude product was then 
triturated in ether before being further purified by dry-flash chromatography 
[PE:EtOAc (2:1)] to give the benzotriazole adduct 45 as a white solid (610 mg, 
62%). M.p. 162 °C; Rf 0.37 [PE:EtOAc (2:1)]; Found: C, 63.79%, H, 4.99%, N, 
23.71%. Requires: C, 64.09%, H, 5.16%, N, 23.92%; 6H  (CDCI 3 : 250 MHz) 1.87 
(2H, m, CH2CH2CH 2), 3.40 (211, t, J 7.0, NHCH 2), 3.44 (2H, t, J 7.0, C11 2N3), 3.61 
(2H, m, PhCU2), 6.87 (1H, s (broad), NH), 7.24 (5H, m, CHar), 7.45 (4H, m, CHar), 
7.66 (1H, d, J 9.0, NHCH), 7.81 (2H, m, CHar), 8.02 (2H, m, CHar), 8.15 (1H, d, J 
9.0, NUCH);  ö (CDC1 3 : 63 MHz) 29.7 (CH 2), 38.4 (CH 2N3), 43.2 (PhCH 2), 50.2 
(NHCH 2)
1 
 66.7 (NHCH), 111.7, 120.2, 125.9 (4 x CHar benzotriazole), 128.0, 128.9, 
129.1, 129.5, 130.0 (9 x CHar), 133.7 (Car), 136.2, 136.5 (2 x Car benzotriazole), 
140.5, 146.8 (2 x Car), 169.4, 174.0(2 x CO); VM (Nujol)/ cm 1648 (C0), 2111 
(N3), 3277 (NH); mlz (FAW) 469 (MW, 12.0%), 351 ([MW- Bt], 60.2), 342 ([MW 
- CONH(CH2)3N3], 0.7), 217 ([MW - PhCH 2CONHBt], 2.5). 
7.0.5 Preparation of N-[]-(ethylsulfanyl)-4-(N'-3 '-azidopropylcarbamoyl)-




N Ye 0-"~ YO SEt 	46 
Under an inert atmosphere, ethylthiolate sodium salt (0.12 g, 1.4 mmol) was 
partially dissolved in anhydrous THF (6.0 ml) and treated with a slurry of 
benzotriazole adduct 45 (0.31 g, 0.67 mmol) in anhydrous THF (6.0 ml). The 
resultant mixture was then stirred for 1 h at R.T. Distilled water (10 ml) and 
chloroform (10 ml) were added and the resultant biphasic mixture was separated. 
The aqueous layer was then further extracted with chloroform (3 x 15 ml). The 
organic phases were combined and dried over sodium sulfate and reduced in vacuo 
to give thiol 46 as a white solid (0.26 g, 94%). M.p. 172 °C; Rf 0.41 [PE:EtOAc 
(2:1)]; Found: C, 61.22%, H, 5.98%, N, 16.88%. Requires: C, 61.29%, H, 6.12%, N, 
17.02%; 6 (CDC1: 250 MHz) 1.17 (3H, t, J 3.5, SCH 2CU3), 1.36 (1H, s, PhCJf), 
1.60 (1H, s, PhCff'), 1.80 (2H, tt, J 7.0, 7.0 CH 2CH2CH2), 2.51 (2H, q, J 3.5, 
SCH2CH3), 3.43 (4H, m, Cff2N3  and CONHC112CH2), 6.10 (1H, d, J 11.0, NHCU), 
6.32 (1H, s, NHCH), 6.91 (1H, s (broad), CH 2NH), 7.28 (7H, m, CHar) 7.60 (2H, m, 
CHar); ö (CDC1 3 : 63 MHz) 14.6 (SCH 2CU3), 25.5 (PhH 2), 37.7 (NHH2CH2), 
43.6 (CH2N3), 49.5 (SCII2CH3), 55.0 (HSEt), 126.4, 127.1, 127.5, 129.1, 129.2 (9 x 
CHar), 133.9, 134.2, 142.5 (3 x Car), 166.9, 170.1 (2 x CO); VMAX (Nujol)/ cm' 1642 
(C=O), 2101 (N3), 3199 (NH); mlz (FAW) 412 (MH, 24.4%), 350 ([M - SEt], 
55.5), 312 QM- - NH(CH2)3N3], 27.9), 277 ([M - PhCH2CONH], 31.6). 





To thiol 46 (100 mg, 0.24 mmol) in THF (3.0 ml) was added 
triphenylphosphine (77 mg, 0.29 mmol) and distilled water (0.05 ml). The mixture 
was then stirred at R.T. until TLC [EtOAc] indicated that the reaction was complete 
(48-72 h). The solvent was removed in vacuo, before the crude product was triturated 
in ether. The solution was then filtered to give linker 1 as a white solid (90 mg, 
97%). M.p. 122 °C; Rf 0.35 [EtOAc]; Found: C, 65.71%, H, 6.79%, N, 10.66%. 
Required: C, 65.43%, 11,7.06%, N, 10.90%; E (CDCI 3 : 250 MHz) 1.18 (3H, t, J 3.5, 
SCH2CH3), 1.62 (4H, m, Phd', PhCllb and CH2CII2CH2), 2.50 (2H, q, J 3.5, 
SCU2CH3), 2.83 (2H, t, J 7.0, NHCII2), 3.49 (2H, t, J 7.0, CH2CII2NH2), 6.01 (1H, s, 
NHCH), 6.19 (1H, d, J 9.0, NHCH), 7.40 (911, m, CHar), 7.81 (1H, s (broad), 
CH2NII); ö (CDC1 3 : 63 MHz) 14.5 (SCH2CU3), 25.5, 31.1, 39.4, 40.7, 43.6 (5 x 
CH2), 55.5 (cHSEt), 126.3, 127.2, 127.4, 128.3, 129.0, 129.1, 131.8 (9 x CHar), 
132.0, 134.3, 142.1 (3 x Car), 166.6, 170.1 (2 x CO); VM (Nujol)/ cm' 1623 (C0), 
3294 (NH); mlz (FAB) 386 (MW, 21.2%), 325 ([MW - SEt], 10. 1), 313 ([MW - 
NH(CH 2) 3NH2], 15.7), 252 ([MH* - PhCH 2 CONH], 7.9). 
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8 Experimental - Solution Phase Synthesis Of Saccharide 
Building Blocks/Substrates 
8.0 Synthesis of 2 1-hydroxy-ethyl4,6-0-benzylidene-fi.D-glucopyranoside (59) 






Under an inert atmosphere tetra-O-acetyl-AD-glucopyranosyl bromide 54 
(12.0 g, 31 mmol) and dried silver carbonate (14.4 g, 52 mmol) were mixed in 
anhydrous ethylene glycol (40.0 g, 35.9 ml, 640 mmol) until carbon dioxide 
evolution ceased. Anhydrous toluene (75.0 ml) was then added and the mixture was 
stirred at R.T. for a further 16 h. The silver salts were removed by filtering through 
celite and the resultant biphasic filtrate was separated. The glycol layer was extracted 
with anhydrous toluene (4 x 40 ml) and the toluene fractions were combined and 
concentrated to dryness to give a brown oil. The crude product was re-crystallised 
from ethanol (EtOH)/ether to give sugar 53 as white crystals (8.1 g, 67%). M.p. 103 
°C (lit. 169 ' 105-106 °C); Rf 0.38 [PE:EtOAc (2:1)]; [a] 2o0 —26.3 0 (c 3.5, water); 
Found: C, 48.79%, H, 6.13%. Required: C, 48.98%, H, 6.17%; oH  (d4-MeOH: 250 
MHz) 1.69 (1H, s, OH), 2.02, 2.04, 2.08 (12H, 4 s, OCOCU 3), 3.77 (5H, m, 
OC112Cff20H and H5),4.18 (2H, m, H6 and H6b),  4.54 (111, d, J 8.0, Hi), 5.12 (3H, 
m, H2, H3 and 114); Oc (d4-MeOH: 63 MHz) 20.4, 20:5 (4 X OCOH3 ), 61.8, 61.9 (2 
x CH2), 68.3, 71.2, 71.7, 72.5, (4 x CH), 72.9, (CH 2) 101.2 (C 1), 169.2, 169.3, 170.0, 
170.4 (4 x OCOCH3); 0MAX (Nujol)/ cm' 1754 (C=O), 3500 (OH); m/z (El') 392 
(M, 3.3%), 375 ([M - OH], 0.9), 331 ([M - O(CH 2)20H], 98), 73 ([M - 
CH2000CH3 1, 22); Beilstein Registry Number -61229. 
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8,0.2 Preparation of 2 '-hydroxy-ethyl-fiD-glucopyranoside (56) using 
sodium methoxidet 701 
HO 
1-10 	56 
Sugar 53 (2.50 g, 6.4 mmol) was dissolved in the minimum amount of 
anhydrous MeOH (2.50 ml). Sodium methoxide [0.5 M solution in MeOH] (4.0 ml) 
was then added and the resulting mixture stirred for 2 h at R.T. The mixture was 
filtered through an ion-exchange column (cation/anion), before the solvent was 
removed in vacuo to give sugar 56 as a pale brown oil (1.36 g, 95%). Rf baseline 
[PE:EtOAc (2:1)]; [a]22D —28.5 0 (c 3.4, water); 5H  (d4-MeOH: 200 MHz) 3.27 (1H, 
m, H2),3.29 (1H, m, H5), 3.40 (1H, m, H3), 3.65 (1H, dd, J 8.0, 9.0, H4), 3.71 (2H, 
dd, J 4.5, 5.0, Cff2CH20H), 3.86 (1H, m, H6'), 3.90 (lH, m, H6b),  3.95 (2H, dd, J 
4.5, 5.0, CH2CE20H), 4.28 (1H, d, J 8.0, Hi); 6 (d4-MeOH: 63 MHz) 60.4, 60.8, 
62.2 (3 x CH2), 69.7, 70.5, 73.3, 76.0 (4 x CH), 102.6 (C 1); UM  (CHCI3)/ cm' 3368 
(OH); mlz (FAB) 225 (MH, 23.9%), 208 ({MH - OH], 13.0), 194 ([MH' - 
CH20H], 2.9), 164 ([MH - O(CH 2 ) 20H], 28.2), Found (FAB) 225.09694, requires 
225.09743. 






Et3N (1.01 g, 1.4 ml, 10 mmol) was added to a solution of sugar 53 (0.55 g, 
1.4 mmol) in aqueous MeOH (16.0 ml). The resultant mixture was then stirred at 
R.T. for a period of 16 h. The solvent was removed in vacuo, adding toluene (5.0 ml) 
to aid the removal of the acetic acid by-product azeotropically, to give sugar 56 as a 
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pale brown oil (0.25 g, 80%). Rf baseline [PE:EtOAc (2:1)]; [a] 22,, —28.6 0  (c 3.4, 
water); 8H (d4-MeOH: 200 MHz) 3.24 (1H, m, H2), 3.28 (1H, m, H5), 3.37 (1H, m, 
H3),3.61 (1H, dd, J 8.0, 9.0, H4),3.67 (2H, dd, J4.5, 5.0, CH2CH,OH), 3.80 (1H, m, 
H6), 3.86 (1H, m, H6b),  3.90 (2H, dd, J 4.5, 5.0, CH2CH,OH), 4.21 (1H, d, J 8.0, 
Hi); 6c  (d4-MeOH: 63 MHz) 58.9, 60.1, 61.3 (3 x CH2), 66.7, 69.3, 71.7, 75.1 (4 x 
CH), 101.0 (Cl); UMAX (CHCI,)/ cm' 3355 (OH); mlz (FAB) 225 (MH, 17.4%), 
208 ([MH - OH], 9.3), 164 ([MH - O(CH,),OH], 32.8). 
8.0.4 Preparation of mezhyl-4,6-0-benzylidene-a-D-glucopyranoside (58) 




A mixture of methyl-a-D-glucopyranoside 57 (2.37 g, 12 mmol), zinc 
chloride [0.1 M solution in ether] (37.0 ml) and benzaldehyde (18.79 g, 18.0 ml, 178 
mmol) was stirred for 18 h at R.T. under an inert atmosphere. The solution was then 
poured onto PE and crushed ice. The resultant precipitate was filtered and washed 
with water and PE. The crude product was re-crystallised from EtOH to give sugar 
58 as white crystals (2.54 g, 75%). M.p. 167 °C; Rf 0.36 [EtOAc]; Found: C, 
59.27%, H, 6.24%. Requires: C, 59.57%, H, 6.43%; 5H (d4-MeOH: 200 MHz) 2.59 
(111, d, J 9.0, 2-OH), 3.16 (111, s, 3-OH), 3.42 (3H, s, OCH 30.60 (1H, m, H5),3.64 
(1H, m, 112), 3.68 (111, m, H6'), 3.75 (iH, m, H3), 3.77 (1H, m, 114), 4.26 (iH, dd, J 
4.0, 8.5, H6 b)  4.74 (1H, d, J 4.0, Hl), 5.50 (1H, s, PhCU),  7.35 (311, m, Har: 2z and 
p), 7.42 (2H, m, Har: 2); (Nujol)/ cm' 3386 (OH); mlz (El') 282 (M, 77.1%), 
251 ([M' - OMe], 18.4), 205 ([M - Ph], 6.5). 
8.0.5 Preparation of methyl-4,6-0-ben2ylidene-a-D-gluCoPYranoSide (58) 




A suspension of sugar 57 (2.37 g, 12 mmol), benzaldehyde dimethyl acetal 
(3.71 g, 3.66 ml, 24 mmol) and TsOH (150 mg, 0.26 mmol) in anhydrous acetonitrile 
(100.0 ml) was stirred at R.T. for 3 h. After neutralisation of the reaction mixture 
with Et3N (73 mg, 0.1 ml, 0.8 mmol), water was added and the precipitate that 
formed was recovered by filtration, washed with water and dried. Re-crystallisation 
from EtOH gave the benzylidene acetal 58 as white crystals (2.76 g, 82%). M.p. 166 
°C; Rf 0.36 [EtOAc]; SH (d4-MeOH: 200 MHz) 2.60 (1H, d, J 9.0,2-OH), 3.11 (1H, 
s, 3-OH), 3.36 (3H, s, OCH3), 3.56 (1H, m, H5), 3.61 (1H, m, H2), 3.67 (lH, m, 
H6), 3.71 (1H, m, H3), 3.75 (1H, m, H4),4.21 (1H, dd, J 4.0, 8.5, H6b),  4.69 (1H, d, 
J 4.0, Hl), 5.47 (1 H, s, Phd), 7.31 (3H, m, Har: 2j and y), 7.38 (2H, m, Har: 2k); 
UMAX (Nujol)/ cm" 3267 (OH); mlz (El') 282 (M*,  67.8%), 251 ([M- OMe], 26.7). 




A suspension of sugar 56 (2.00 g, 9 mmol), benzaldehyde dimethyl acetal 
(2.78 g, 2.74 ml, 18 mmol) and TsOH (115 mg, 0.2 mmol) in anhydrous acetonitrile 
(100.0 ml) was stirred at R.T. for 3 h. After neutralisation of the reaction mixture 
with Et3N (60 mg, 82 Ill, 0.6 mmol), water was added' and the precipitate that formed 
was recovered by filtration, washed with water and dried. Re-crystallisation from 
EtOH gave the benzylidene acetal 59 as white crystals (2.22 g, 79%). M.p. 187 °C; 
Rf 0.35 [EtOAc]; Found: C, 57.54%, H, 6.23%. Requires: C, 57.69%, H, 6.45%; 8H 
(d4-MeOH; 200 MHz) 2.80 (1H, m, H2), 3.18 (1H, m, H5), 3.30 (1H, m, H3), 3.50 
(1H, dd, J 8.0, 9.5, H4), 3.75 (2H, dd, J 4.5, 5.0, Cli 2CH 2OH), 3.79 (1H, m, H6), 
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3.85 (11-1, m, H6b) ,  4.00 (21-1, dd, J 4.5, 5.0, CH 2CII20H), 4.10 (111, d, J 8.0, Hi), 
5.41 (111, s, Phd), 7.25 (311, m, CHar: 2ju and ), 7.35 (21-1, m, CHar: 22); Eic 
(CDCI 3 : 63 MHz) 60.3 (CH 2), 65.7 (CH), 67.8, 70.6 (2 x CH 2), 72.5, 74.1, 80.4 (3 x 
CH), 101.0 (PhH), 103.3 (Cl), 125.6, 127.1, 128.0 (5 x CHar), 137.2 (Car); VM 
(Nujol)/ cm' 3417 (OH); mlz (FAW) 313 (MH*,  24.9%), 90 (PhCH, 100.0), 61 
(O(CH2)20, 14.9). 
8.1 Preparation of 2'-hydroxy-ethyl-4-O-methoxymethyl-6-O-t-butyldimethYl-
silyl-flD-glucopyranoSide (60) 
8.1.1 Preparation of 2 '-aceiyl-ethyl-2,3-di-O-acetyl-4, 6-O-benzylidene- 15-D-
glucopyranoside (61) 
Ph7ol 
ACO . Z2_0 ...__. OA 
AcO 	61 
Under an inert atmosphere, anhydrous pyridine (3.10 g, 3.0 ml, 39 mmol) 
was added to sugar 59 (2.68 g, 8.6 mmol). The mixture was stirred at R.T. for 5 mm 
before acetic anhydride (10.0 ml) was added and the mixture left to Stir for a further 
16 h. Chloroform (10.0 ml) was then added to dilute the reaction before washing the 
reaction mixture with saturated NaHCO 3 (3 x 20 ml) and water (20 ml). The organic 
phases were then combined, dried using magnesium sulfate and concentrated to 
dryness in vacua to give a gold syrup. Re-crystallisation of the crude product from 
EtOH gave sugar 61 as white crystals (3.65 g, 97%). M.p. 147 °C; Rf 0.40 
[PE:EtOAc (2:1)]; [a]250 —70.2° (c 1.01, MeOH); Found: C, 57.31%, H, 5.71%. 
Requires: C, 57.53%, H, 5.98%; 8, (d4-MeOH; 250 MHz) 2.06, 2.08, 2.10 (9H, 3s, 
OCOCFI3), 3.65 (1H, m, 1-15), 3.85 (31-1, m, H4 and Cff 2CH2OAc), 4.03 (1H, m, H6), 
4.23 (21-1, dd, J 4.5, 5.0, CH 2CU2OAc), 4.38 (lH, dd, J 5.0, 10.0, H6b) ,  4.82 (1H, d, J 
7.5, Hi), 5.00 (1H, m, 1-12), 5.37 (1 H, t, J 9.0, 1-13), 5.64 (1H, s, Phil), 7.40 (31-1, m, 
CHar: 2iii and p), 7.48 (21-1, m, Cifar:  2); ö (d4-MeOH: 63 MHz) 21.0, 21.2, 21.9 
(3 x CH 3), 65.0 (CH2), 67.9 (CH), 69.3, 69.9 (2 x CH 2), 73.7, 74.1, 80.0 (3 x CH), 
115 
102.3 (Ph-CH), 103.3 (C 1), 127.8, 129.6, 130.5 (5 x CHar), 139.5 (Car), 173.4, 173.9, 
174.1 (3 x CO); u mAx  (Nujol)/ cm 1743 (C=O); mlz (El') 438 (M, 11.2%), 379 
([M - OCOCH3 1 1  19.7). 




AcO 	 ° OAc 
AcO 	62 
Sugar 61(4.80 g, 11 mmol) was dissolved in 80% aqueous acetic acid (250.0 
ml) and the mixture was heated to 80 °C. Analysis of the reaction mixture via TLC 
[PE:EtOAc (1:1)] after 2 h indicated that all the sugar starting material 61 had been 
consumed. The solvent was removed in vacuo, adding toluene to aid the removal of 
the acetic acid azeotropically. The crude product was purified by column 
chromatography [PE:EtOAc (1:1)] to give sugar 62 as a white solid (3.79 g, 98%). 
M.p. 113 °C; Rf 0.25 [PE:EtOAc (1:1)]; [a] 250 —76.8° (c 1.04, MeOH); oH (d4-
MeOH; 250 MHz) 1.87, 1.89, 1.90 (9H, 3s, OCOCH3), 3.25, (1H, m, H5),3.41 (1H, 
m, H4),3.58 (2H, m, CII2CH2OAc), 3.72 (1H, dd, J 4.5, 9.0, H6'), 3.85 (1H, m, H6b), 
4.04 (2H, m, CH 2 CkI2OAc), 4.47 (1H, d, J 8.0, Hi), 4.60 (1 H, dd, J 8.0, 9.0, H2), 
4.89 (1H, m, H3); 8 (d4-MeOH: 63 MHz) 21.1 (3 x CH 3), 62.6, 65.0, 69.0 (3 x 
CH,), 69.9, 73.8, 77.4, 78.3 (4 x CH), 102.4 (C 1), 172.3, 172.8, 173.5 (3 x CO); U,AI  
(Nujol)I cm' 1749 (C=O), 3514 (OH); mlz (FAB*) 351 (MH, 13.8%), 335 ([M - 
CH31, 23.1), 87 (CH2CH2000CH31  100), Found (FAB) 351.12881, requires 
35 1.12913 
8.1.3 Preparation of model compound I,2,3,4-tetra-O-acetyl-ó-O-t-




AcO 	 OAc 
AcO 
65 
Under an inert atmosphere, 1 ,2,3,4-tetra-O-acetyl- 1&D-glucopyranoside (2.00 
g, 5.7 mmol) was dissolved in anhydrous DMF (4.0 ml). Imidazole (0.78 g, 11.4 
mmol) and TBDMSCI (0.95 g, 6.3 mmol) were quickly added in that order and the 
reaction mixture was left to stir at R.T. After 16 h, 5% saturated NaHCO 3 (5.0 ml) 
was added and the aqueous layer was extracted with PE (4 x 10 ml). The combined 
organic layers were then washed with water (10 ml), dried using magnesium sulfate 
and concentrated to dryness in vacuo. The crude product was then purified by 
column chromatography [PE:EtOAc (1:2)] to give sugar 65 as a white solid (2.24 g, 
85%). M.p. 70°C; Rf 0.48 [PE:EtOAc (1:2)]; [a]25D  +25.2° (c 1.02, MeOH); 5H(d4 -
MeOH; 250 MHz) 0.00, 0.02 (6H, 2s, SiCH 3), 0.85 (911, s, SiCCH 3 ) 1  1.91, 1.94, 1.96, 
2.01 (12H, 4s, OCOCH3), 3.70 (3H, m, H5, H6, H6 b)  4.96 (1 H, dd, J 8.0, 9.5, H2), 
5.09 (111. m, H4), 5.25 (1H, dd, J 9.0, 9.5, H3), 5.73 (1H, d, 1 8.0, Hi); 5 c (d4-
MeOH: 63 MHz) -4.9 (2 x SiCH 3), 19.1 (SiCH 3), 21.0 (4 x OCOH3), 26.8 (3 x 
SiCCH3), 63.1 (CH,), 69.8, 72.4, 75.0, 76.6 (4 x CH), 93.4 (Cl), 172.9, 173.5, 174.0 
(4 x CO); umx (Nujol)/ cm' 1762 (C0); mlz (EI*)  462 (M, 7.5%), 331 ([M - 
OTBDMS], 21.8), Found (E1) 462.19098, requires 462.19213. 




Under an inert atmosphere, sugar 62 (3.85 g, ii mmol) was dissolved in 
anhydrous DMF (4.0 ml). Imidazole (1.50 g, 22 mmol) and TBDMSCI (1.82 g, 12 
mmol) were quickly added in that order and the reaction mixture was left to stir at 
R.T. After 16 h, 5% saturated NaHCO 3 (5.0 ml) was added and the aqueous layer 
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was extracted with PE (4 x 10 ml) followed by chloroform (3 x 10 ml). The 
combined organic layers were then washed with water (15 ml), dried using 
magnesium sulfate and concentrated to dryness in vacuo. The crude product was then 
purified by column chromatography [PE:EtOAc (1:2)] to give sugar 63 as a clear oil 
(4.10 g, 80%). Rf 0.42 [PE:EtOAc (1:2)]; [a]250 +16.9 (c 1.08, MeOH); oH (d4-
MeOH; 250 MHz) 0.00, 0.01 (6H, 2s, SiCH 3) 1  0.81 (9H, s (broad), SiCCH 3), 1.91, 
1.93, 1.95 (9H, 3s, OCOCH 3), 3.29 (1H, m, H5), 3.50 (1H, dd, J 9.0, 9.5, H4), 3.67 
(2H, m, Cff2CH20Ac), 3.76 (1H, m, H6a) ,  3.86 (IH, m, HO), 4.09 (2H, m, 
CH2CH2OAc), 4.51 (1H, d, J 8.0, Hi), 4.63 (1H, dd, J 8.0, 9.5, H2), 4.95 (1H, dd, J 
9.0, 9.5, H3); O (d4-MeOH: 63 MHz) —6.9 (2 x SiH 3), 19.7 (SiCH 3), 21.3 (3 x 
OCOcH3), 26.8 (3 x SiCH 3), 63.5, 64.3, 65.0 (3 x CH 2), 70.2, 73.3, 77.5, 78.2 (4 x 
CH), 102.3 (Cl), 173.1, 173.7, 174.1 (3 x CO); UM (CHC13)/ cm' 1740 (C=O), 
3412 (OH); mlz (FAB) 465 (MH, 15.0%), 361 ([M - O(CH 2)2OAc], 6.4), 333 ([M 
- OTBDMS], 13.5), Found (FAB) 465.21557, requires 465.2156. 
8.1.5 Attempted preparation of 2 '-acezyl-ethyl-2,3-di-O-acetyl-4-O-allyl-6-O-
t-butyldimethylsilyl-flD-glucopyranoside (66)E81 
TBDMS 
AcO O OAc 
AcO 66 
Sodium hydride (70 mg) [60% dispersion in mineral oil] was quickly 
weighed into a round-bottomed flask. Pentane was added under an inert atmosphere 
and the insoluble white sodium hydride was allowed to settle before the pentane was 
removed via syringe. To ensure the complete removal of the oil, the washing of the 
sodium hydride with pentane was repeated a further three times. The sodium hydride 
was then dried under a stream of nitrogen, adding butan- 1 -ol to the pentane washings 
so as to destroy any traces of sodium hydride. 
Sugar 63 (200 mg, 0.4 mmol) was dissolved in anhydrous DMF (5.0 ml) 
under an inert atmosphere. The sugar solution was then carefully added by canula to 
the washed sodium hydride, whilst cooling the reaction vessel to 0 °C using an ice 
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bath. The mixture was then left to stir at 0 °C for ½ h before allyl bromide (84 mg, 
0.06 ml, 0.09 mmol) was added. After 40 min the reaction mixture was allowed to 
warm to R.T. and then stirred for another 2 h. Analysis of the reaction mixture by 
TLC (PE:EtOAc (1:1)1 indicated that the starting material 63 had been consumed. 
MeOH was therefore added to neutralise excess reagents before EtOAc (10.0 ml) 
was added. The organic layer was then washed with brine (4 x 10 ml), dried using 
magnesium sulfate and concentrated to dryness in vacuo. Column chromatography of 
the crude product {PE:EtOAc (1:1)] gave sugar 66 as an impure yellow oil (220 mg), 
which could not be further purified. 








A mixture of MEMC1 (0.79 g, 6.1 mmol) and Et 3N (1.02 g, 10.0 mmol) was 
stirred in ether for 16 h to afford the crystalline ammonium salt (MEMNEt 3 CI). 
After being collected by filtration, washed with ether and dried in vacuo the 
colourless salt was ultimately obtained in a yield of 75% (1.36 g). 
Sugar 63 (1.96 g, 4.1 mmol) and the ammonium salt (0.95 g, 4.1 mmol) were 
dissolved in anhydrous acetonitrile. After refluxing the mixture for 30 min TLC 
analysis [PE:EtOAc (1:2)] indicated that the starting material 63 had been consumed. 
Once cool, the reaction mixture was passed through a 25 ml SPE tube that had been 
pre-packed with silica. The fraction corresponding to the desired product 64 was 
collected from the SPE column by elution with EtOAc. The solvent was then 
removed in vacuo to give sugar 64 as a clear oil (1.18 g, 52%). Rf 0.55 [PE:EtOAc 
(1:2)]; E (d4-MeOH; 250 MHz) 0.00, 0.01 (6H, 2s, SiCH 3), 0.83 (9H, s (broad), 
SiCCH3), 1.95 (9H, s (broad), OCOCH 3), 3.49 (1H, m, H5), 3.52 (4H, m, 
0C112C112OCH2), 3.59 (3H, m, H4 and Cff2CH2OAc), 3.78 (1H, m, H6), 3.90 (IH, 
m, H6b), 4.17 (2H, m, CH2Cfl2OAc), 4.55 (IH, d, J 8.0, Hl), 4.60 (6H, m, 
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Cfl30(CH2)20C1120 and H2), 5.04 (1H, dd, J 9.0 9 9.5, H3); 5 (d4-MeOH: 63 MHz) 
-1.9 (2 x SiCH3), 18.5 (SiCCH 3), 21.9 (3 x OCOCH3), 24.9 (3 x SiCCH3), 47.6 
(OCH3), 62.9, 65.1, 65.4 (3 x CH 2), 71.6, 76.7, 79.6 (3 x CH), 80.5, 81.0 (2 x CH 2), 
96.7 (CH), 102.0 (Cl), 105.6 (CH,), 176.4, 176.9, 177.5 (3 x CO); u (CHCI 3)/ 
cm' 1150 (C-O), 1737 (C=O); mlz (FAB) 553 (MH, 19.6%), 449 ([M - 
O(CH2)2OAc], 2.3), 447 ([M* - CH 3O(CH2)20CH201, 1.9), Found (FAB) 553.26678, 
requires 553.26803. 





Sugar 64 (1.00 g, 1.8 mmol) was dissolved in the minimum amount of 
anhydrous MeOH (1.5 ml). Sodium methoxide [0.5 M solution in MeOH] (2.0 ml) 
was then added and the resulting mixture stirred for 2 h at R.T. The mixture was then 
filtered through an ion-exchange column (cation/anion), before the solvent was 
removed in vacuo to give sugar 60 as a clear oil (0.61 g, 79%). Rf 0.33 [EtOAc]; 
[a]25D —11.8° (c 1.04, MeOH); 6 H  (d4-MeOH; 250 MHz) 0.02, 0.04 (6H, 2s, SiCH 3), 
0.82 (9H, s (broad), SiCCH 3), 3.23 (1H, m, H2),3.36 (1H, m, H5),3.40 (1H, m, H3), 
3.45 (4H, m, OCU2Cli20CH2), 3.60 (1H dd, J 8.5, 9.0, H4), 3.75 (3H, m, H6' and 
CII2CH20H), 3.81 (IH, m, H6b),  4.10 (2H, dd, J 4.5, 5.0, CH2CU2OH), 4.63 (1H, d, J 
7.5, Hl), 4.70 (5H, m, C1j30(CH2)20CH20); 5c (d4-MeOH: 63 MHz) -1.7 (2 x 
SiCH3), 19.4 (SiCCH 3), 24.7 (3 x SiCCH 3), 57.2 (OCH3), 60.4, 66.9, 70.9 (3 x CH2), 
73.6, 74.8, 75.4, 77.3 (4 x CH), 94.9, 96.1, 97.1(3 x CH 2), 102.5 (Cl); UMAX 
(CHCI 3)/ cm' 1139 (C-O), 3365 (OH); mlz (FAB) 427 (MW, 12.4%), 296 ([MW - 
OTBDMS], 6.6), Found (FAB) 427.23375, requires 427.23634. 
8.2 Synthesis of 2_hydroxy_ethyl6_0_1_butyldipheflyISiIyl 1&DglUC0Pyra110Side 
(67) 
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Under an inert atmosphere, sugar 62 (0.50 g, 1.4 mmol) was dissolved in 
anhydrous DMF (2.0 ml). Imidazole (0.19 g, 2.8 mmol) and TBDPSCI (0.44 g, 1.6 
mmol) were quickly added in that order and the reaction mixture was left to stir at 
R.T. After 16 h, 5% saturated NaHCO3 (2.0 ml) was added and the aqueous layer 
was extracted with PE (4 x 7 ml) followed by chloroform (3 x 7 ml). The combined 
organic layers were then washed with water (10 ml), dried using magnesium sulfate 
and concentrated to dryness in vacuo. The crude product was then purified by 
column chromatography [PE:EtOAc (1:2)] to give sugar 68 as a clear oil (0.63 g, 
76%). Rf 0.38 [PE:EtOAc (1:2)]; oH  (d4-MeOH; 200 MHz) 0.93 (9H, s (broad), 
SiCCH3), 1.85 (9H, s (broad), OCOCH3), 3.52 (2H, m, H4 and H5), 3.60 (2H, m, 
C112CH2OAc), 3.80 (1H, m, H6'), 3.98 (1H, m, H6b),  4.31 (2H, dd, J 4.5, 5.0, 
CH2CII2OAc), 4.59 (lB. d, J 7.5, Hi), 4.74 (1H, dd, J 7.5, 9.5, H2), 5.14 (1H, m, 
H3), 7.30 (6H, m, CHar: 4m and 2p), 7.48 (4H, m, CHar: 4Q);  8 (d4-MeOH: 63 
MHz) 17.8 (SiCH 3), 21.5 (3 x OCOH3), 27.3 (3 x SiCH3), 63.4, 66.0, 66.9 (3 x 
CH2), 71.2, 74.5, 77.8, 78.5 (4 x CH), 104.7 (Cl), 130.3, 130.9, 132.0 (10 x CHar), 
137.9(2 x Car), 170.6, 171.1, 171.7 (3 x CO); UMAX (CHC13)/ cm' 1736 (C=O), 3580 
(OH); mlz (FAB) 589 (MH, 9.5%), 529 ([M - OAc], 21.9), 333 QM* - OTBDPS], 
7.1), Found (FAB) 589.23962, requires 589.2469. 







Sugar 68 (0.50 g, 0.9 mmol) was dissolved in the minimum amount of 
anhydrous MeOH (0.5 ml). Sodium methoxide [0.5 M solution in MeOH] (1.0 ml) 
was then added and the resulting mixture stirred for 2 h at R.T. The mixture was then 
filtered through an ion-exchange column (cation/anion), before the solvent was 
removed in vacuo to give sugar 67 as a clear oil (0.31 g, 74%). Rf 0.21 [PE:EtOAc 
(1:2)]; 8H (d4-MeOH; 200 MHz) 0.89 (911, s (broad), SiCCH 3), 3.27 (IH, m, 1­12), 
3.34 (1 H, m, H5), 3.43 (1 H, dd, J 9.5, 10.0, 1 ­13), 3.51 (1H, m, 1 ­14), 3.63 (2H, dd, J 
4.5, 5.0, Cff2CH2OH), 3.70 (1H, m, 1 ­16), 3.78 (1H, m, H6b) ,  3.97 (2H, dd, J 4.5, 5.0, 
CH2CH20H), 4.30 (1H, d, J 7.5, Hi), 7.21 (611, m, CHar: 4 -m and 22),  7.36 (4H, m, 
CHar: 4); 8 c (d4-MeOH: 63 MHz) 19.1 (SicCH 3), 28.5 (3 x SiCH3), 60.1, 66.7, 
69.4 (3 x CH 2), 70.9, 73.6, 74.2, 75.1 (4 x CH), 101.5 (C 1), 128.2, 128.9, 131.2, (10 
x CHar), 136.5 (2 x Car); UM (CHC1 3)/ cm' 3411 (OH); mlz (FAB) 463 (MH, 
8.4%), 401 ([M - O(CH 2)20H], 2.3), 207 ([M - OTBDPS], 15.7), Found (FAB) 
463.2148, requires 463.21521. 
8.3 Solution phase sulfation of saccharide building blocks/substrates 
8.3.1 Sulfation studies on model saccharides 
8.3. 1.i Preparation of methyl-4, 6-O-benzylidene-a-D-glucopyranoside-
2,3-dibutyistannane (70) 141  
Ph_7O.7 
Os 	I 
Bu 	 OMe 
Bu 
70 
In Dean-Stark apparatus and under an inert atmosphere, glycoside 58 (0.67 g, 
2.4 mmol) and dibutyltin oxide (1.18 g, 4.8 mmol) were mixed together in refluxing 
anhydrous toluene for 20 h. The solvent was then removed in vacuo, giving the crude 
stannanediyl derivative as a white solid, which was dried using a vacuum pump. The 
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crude stannanediyl derivative 70 (0.41 g) was then used for next step in the synthetic 
pathway (Section 8.3.1.ii) without further purification. 
8.3. Iii Preparation of trimethylammonium methyl-4, 6-O-benzylidene-a-D-





Under an inert atmosphere, the stannanediyl derivative 70 (410 mg, 0.8 
mmol) was taken up in anhydrous DMF (5.0 ml). After cooling to 0 °C using an ice-
bath, trimethylammonium sulfate complex (12 mg, 1.0 mmol) in anhydrous DMF 
(5.0 ml) was added dropwise over a 10 min period, before stirring the mixture for a 
further 2 h at R.T. The solvent was removed in vacuo giving crude sulfated sugar 71 
(Rf 0.19 [toluene: EtOH: Et 3N (3:1:0.05)]) as a light yellow syrup (211 mg,). The 
crude sulfate 71 was then used for the next step in the pathway (Section 8.3.1.iv) 
without further purification. 
8.3. 1. iii Preparation of2,2,2-trifiuorodiazoethane 721861 
F I( 
72 	N 
Synthesis was carried out behind a blast screen in "clear-glass" (non-ground) 
glass joint glassware. 
Sodium nitrate solution (3.0 g, 43 mmol) in water (10.0 ml) was added to a 
solution of trifluoroethylamine hydrochloride 73 (5.4 g, 40 mmol) in water (20.0 ml) 
at 0 °C. A stream of nitrogen gas was constantly bubbled through the solution and 
the mixture of gas and 2,2,2-trifluorodiazoethane 72 was then passed over KOH 
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pellets before being trapped in acetonitrile (40' ml) at -40 °C. The aqueous flask was 
kept at 0 °C for 1 h, before allowing it to warm to R.T. over a period of 1 h and then 
stirring it for a further 2 h at R.T. The resultant yellow diazo solution (30.0 ml) was 
used immediately for the next stage in the pathway (Section 8.3. 1. iv) without further 
purification. 
8.3. 1. iv Preparation of methyl-4. 6-O-benzylidene-a-D-glucopyranoside-




Crude sulfate 71 (200 mg, 0.48 mmol), 2,2,2-trifluorodiazoethane 72 solution 
(20.0 ml) and acetonitrile (20.0 ml) were stirred together for 5 min before adding 
citric acid (500 mg, 2.6 mmol). The resulting mixture was then stirred for a further 
20 h at R.T. Excess diazo was removed using a vacuum pump. The solvent was 
removed in vacuo and the crude product was purified by column chromatography 
[EtOAc] to give sugar 69 as a white solid (370 mg, 35% from 58). M.p. 183 °C; Rf 
0.20 [EtOAc]; 8, (d4-MeOH: 200 MHz) 3.50 (3H, s, OCH 3), 3.61 (1 H, m, H5), 3.70 
(2H, m, H3 and H&), 3.93 (1H, dd, J 9.0, 9.5, H4), 4.17 (1 H, dd, J 4.5, 10.0, HO), 
4.38 (1 H, m, H2), 4.65 (1 H, d, J 3.5, Hi), 5.41 (2H, q, J 8.0, Cli 2CF3), 5.62 (1H, s, 
Phd), 7.25 (3H, m, CHar: 2m and p),  7.32 (2H, m, CHar: 2k); c (d4-MeOH: 63 
MHz) 55.9 (OCH3), 64.5 (CH2), 72.0, 74.3, 75.7, 85.4 (4 x CH), 86.1 (cH2CF3), 98.5 
(F3), 99.8 (Ph-CH), 102.9 (Cl), 126.7, 127.4, 128.1 (5 x CHar), 137.8 (Car); 
(Nujol)/ cm' 1270 (CF), 1310 (S=0), 3333 (OH); m/z (FAB) 445 (MW, 1.2%), 266 
([MW - OS03CH2CF31, 27.4), Found (FAB) 445.06912, requires 445.07802. 
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8.3.2 Preparation of 2 '-t-butyldimethylsilyloxy-ethyl-4, 6-O-benzylidene-/3D-
glucopyranoside (76)17677) 
HO 	 76 
Under an inert atmosphere, sugar 59 (2.00 g, 6.4 mmol) was dissolved in 
anhydrous DMF (4.0 ml). Imidazole (0.87 g, 12.8 mmol) and TBDMSCI (1.06 g, 
7.04 mmol) were quickly added in that order and the reaction mixture was left to stir 
at R.T. After 16 h, 5% saturated NaHCO 3 (5.0 ml) was added and the aqueous layer 
was extracted with PE (4 x 10 ml) followed by chloroform (3 x 10 ml). The 
combined organic layers were then washed with water (15 ml), dried using 
magnesium sulfate and concentrated to dryness in vacuo. The crude product was then 
purified by column chromatography [EtOAc] to give sugar 76 as a white solid (2.46 
g, 90%). M.p. 161 °C; Rf 0.41 [EtOAc]; [a]25D +32.50 (c 1.05, MeOH); 6H (d4-
MeOH; 250 MHz) 0.20 (6H, s, SiCH 3), 1.00 (9H, s (broad), SiCCH 3), 3.35 (lH, dd, J 
7.5, 9.0, H2), 3.53 (1H, m, H5), 3.82 (6H, m, H3, H4, H6°, H6 b,  CU2CH2OSi), 4.37 
(2H, dd, J 4.5, 5.0 CH 2Cli2OSi), 4.54 (1H, d, J 7.5, Hl), 5.67 (1H, s, PhCLL), 7.50 
(3H, m, CHar: 2m and p), 7.59 (2H, m, CHar: 2); ö (d4-MeOH: 63 MHz) —5.2 (2 x 
SiH3), 18.1 (SiCCH 3), 25.9 (3 x SiCCH 3), 62.3 (CH 2), 65.9 (CH), 68.0, 70.3 (2 x 
CH,), 72.9, 74.4, 80.6 (3 x CH), 100.7 (PhH), 103.7 (C 1), 126.4, 128.1, 128.9 (5 x 
CHar), 137.8 (Car); UMAX (Nujol)/ cm 3498 (OH); mlz (FAB) 427 (MH', 9.8%), 
267 ([M - (CH2 )20TBDMS], 1.4), 251 ([M - O(CH 2) 20TBDMS], 19.1), Found 
(FAB) 427.2145, requires 427.21521. 
8.3.3 Selective de-silylation of 2 '-t-butyldimethylsilyloxy-ethyl-4,6-O-




Sugar 76 (0.30 g, 0.7 mmol) was dissolved in a solution of MeCN:water [9:1] 
(4.0 ml). DDQ (16 mg, 70 mol) in a solution of MeCN:water [9:1] (4.0 ml) was 
then added. The reaction mixture was left to stir at R.T. for 16 h during which time 
the desired deprotected sugar product 59 precipitated from solution. The solid was 
recovered via filtration, washed with acetonitrile and water and then thoroughly 
dried using a vacuum pump. Re-crystallisation from EtOH gave the deprotected 
sugar 59 as white crystals (0.16 g, 72%). M.p. 187 °C; Rf 0.35 [EtOAc]; Found: C, 
57.40%, H, 6.19%. Requires: C, 57.69%, H, 6.45%; 8H  (d4-MeOH; 200 MHz) 2.82 
(1H, m, H2), 3.15 (1H, m, H5), 3.25 (1H, m, H3), 3.44 (1H, dd, J 8.0, 9.5, H4), 3.69 
(2H, m, CH2CH2OH),  3.75 (1H, m, H6'), 3.81 (1H, m, H6b),  4.04 (2H, m, 
CH 2CII20H), 4.15 (1H, d, J 8.0, Hi), 5.39 (1H, s, PhCH),  7.22 (3H, m, CHar: 21U 
and ), 7.31 (2H, m, CHar: 2); UMAX (Nujol)/ cm' 3487 (OH); m!z (FAB) 313 
(MH, 19.1%), 90 (PhCH*,  100.0), 61 (O(CH 2 )20 1  16.8). 
8.3.4 Preparation of 2 '-t-butyldimethylsilyloxy-ethyl-4, 6-O-benzylidene-/3.D-
glucopyranoside-2, 3-dibutyistannane (77)' 
Ru ° 
Bu 	 77 
Using Dean-Stark apparatus and under an inert atmosphere, sugar 76 (500 
mg, 1.17 mmol) and dibutyltin oxide (581 mg, 2.34 mmol) were mixed together in 
refluxing anhydrous toluene for 20 h. The solvent was then removed in vacuo, giving 
the crude stannanediyl derivative as a white solid, which was dried using a vacuum 
pump. The crude stannanediyl derivative 77 (360 mg) was then used for next step in 
the synthetic pathway (Section 8.3.5) without further purification. 
8.3.5 Preparation of trimethylammonium 2 '-t-butyldimethylsilyloxy-ethyl-4, 6-
O-benzylidene- 1&D-glucopyranoside-2 -sulfate (78)(86] 
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Me3 HN.03S0 	78 
Under an inert atmosphere, the stannanediyl derivative 77 (360 mg, 0.5 
mmol) was taken up in anhydrous DMF (5.0 ml). After cooling to 0 °C using an ice-
bath, trimethylammonium sulfate complex (90 mg, 0.65 mol) in anhydrous DMF 
(5.0 ml) was added dropwise over a 10 min period, before the mixture was stirred for 
a further 2 h at R.T. The solvent was removed in vacuo giving the crude sulfated 
sugar 78 as a yellow oil (203 mg), which was used for the next step in the pathway 
(Section 8.3.6) without further purification. 
8.3.6 Preparation of 2 '-t-butyldimethylsilyloxy-ethyl-4,6-O-benzylidene- 1&D-
glucopyranoside-2-[2.2,2-trfluoroethyl]Sulfate (75)1861 
Ph7 -Oj 0 
o=s=o 
75 
Crude sulfated sugar 78 (203 mg, 0.4 mmol), 2,2,2-trifluorodiazoethane 72 
solution (20.0 ml) and acetonitrile (20.0 ml) were mixed and stirred for 5 min before 
adding citric acid (500 mg, 2.6 mmol). The resulting mixture was stirred for 20 h at 
R.T. Excess diazo was removed using a vacuum pump. The solvent was removed in 
vacua and the crude product was purified by column chromatography [EtOAc] to 
give sugar 75 as a white solid (180 mg, 26% from compound 76). M.p. 174 °C; Rf 
0.28 [EtOAc]; oH (d4-MeOH; 250 MHz) 0.11 (6H, s, SICH 3), 0.92 (9H, s, SiCCH 3), 
3.14 (1H, m, H5), 3.44 (1H, m, H3), 3.54 (1 H, dd, J 8.5, 9.0, H4), 3.70 (2H, dd, J 4.5, 
5.0, CH2CH 2OSi), 3.72 (1H, m, H6'), 3.81 (1H, m, H6b),  3.95 (2H, dd, J 4.5, 5.0, 
CH2CH2OSi), 4.00 (III, m, H2), 4.22 (1 H, d, J 7.5, HI), 5.32 (2H, q, J 8.0, CU2CF3), 
5.46 (IH, s, PhCH), 7.25 (3H, m, CHar: 2m and p), 7.35 (2H, m, CHar: 22); O  (d4- 
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MeOH: 63 MHz) —3.2 (2 x SiH 3), 17.2 (SiCH 3), 25.0 (3 x SiCH3), 63.5 (CH 2), 
66.4 (CH), 68.7, 69.9 (2 x CH 2), 73.8, 75,7 (2 x CH), 83.5 (CH2CF3), 88.2 (CH), 92.4 
(F3), 101.7 (Ph-CH), 103.4 (CI), 127.4, 128.6, 129.5, (5 x CHar), 138.3 (Car); umAx 
(Nujol)/ cm' 1265 (CF), 1288 (S=O), 3254 (OH); mlz (FAB) 589 (MH, 3.4), 410 
([MW - OS03CH2CF 3 ] 1  18.0), Found (FAB) 589.01504, requires 589.17507. 
8.4 Synthesis of methyl_2,3_di_OI4acetyI1beflZoate_ 4 ,6_O_benZY 1ideneD 
glucopyranoside (79)1891 
4-acetyl-benzoic acid (60 mg, 0.35 mmol), WSCDI (70 mg, 0.09 mmol) and 
DMAP (45 mg, 0.35 mmol) were stirred together in anhydrous DCM (5.0 ml) for 5 
mm. A portion of this acidic solution (4.0 ml) was then withdrawn and carefully 
added to a flask containing sugar 58 (28 mg, 0.1 mmol). The mixture was left to stir 
at R.T. for 20 h under an inert atmosphere. An aliquot of the reaction mixture was 
then withdrawn and analysed by TLC [PE:EtOAc (1:1)] and by MS (ES). 
Indications were that a mixture of mono- and di-esterified sugar products were 
present in the reaction mixture. In order to drive the reaction to completion, fresh 
acidic solution (1.0 ml) [made to the same concentrations as above] was added to the 
reaction mixture and the mixture left to stir at R.T. for another 20 h. The reaction 
mixture was then diluted with DCM (5.0 ml). The reaction mixture was washed with 
citric acid (5 ml), water (2 x 5 ml) and saturated NaHCO 3 (5 ml). The organic layer 
was subsequently dried by passing it through a 20 ml SPE tube that had been pre-
fitted with a hydrophobic fit and then purified by passing it through a 25 ml SPE 
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tube which had been pre-packed with silica: . The fraction corresponding to the 
desired product was collected from the SPE colunm by elution with EtOAc. The 
solvent was then removed in vacuo to give sugar 79 as a clear oil (14 mg, 24%). Rf 
0.22 [PE:EtOAc (1:1)]; mlz(ES) 629 (MNa, 5.3). 
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9 Experimental - Studies On The Solid Phase 
9.0 Optimisation of the coupling of N_1_(4_(3_aminopropylcarbamOYl)PheflYI-
(ethylsulfanyl)_methyl)-2-pheflYlaCetamide (1) to solid support 
9.0.1 Preparation of 4{[ethylsulfanylN-(2-pheflYlaCetYl)]amiflO-methYlF 
benzamidopropylamidO tentagel (80a) using TBTU 
0 	 0 
N 
 "Te 
0 	SEt 	 80a 
The coupling of linker 1 to Carboxy-Tentagel ®  [loading of 0.24 mmol g'] 
(1.00 g) was performed according to the standard protocol (Section 6.2.4.i) to give 
Tentagel®-bound linker 80a as a pale yellow/orange solid (1.01 g). [Assuming 
complete coupling; loading of linker 1 onto Tentagel ® = 0.22 mmol g']. 
9.0.2 Recycling of the TBTU coupling mixture used in the preparation of 4- 
tentagel 
(80a) 
The TBTU coupling mixture that had been separated from the Tentagel ® resin 
by filtration in the experiment described in Section 9.0.1 was reused on fresh 
Carboxy-Tentagel ®  [loading of 0.24 mmol g t ] ( 1.0.0 g) according to the standard 
protocol (Section 62.4.iii) to give Tentagel ®-bound linker 802 as a pale 
yellow/orange solid (1.02 g). [Assuming complete coupling; loading of linker 1 onto 
Tentagel® = 0.22 mmol g t ]. 
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9.0.3 Preparation of 4-{[ethylsulfanyl-N-(2-phenylacetyl)]amino-methyl}-
benzamidopropylamido tentagel (80a) using DIC 
0 	 0 
N 
 "Te 
0 	SEt 	 80a 
The coupling of linker I to Carboxy-Tentagel ® [loading of 0.24 mmol g 1 ] 
(1.00 g) was performed according to the standard protocol (Section 62.4.ii) to give 
Tentagel ®-bound linker 80a as a pale yellow/orange solid (1.04 g). [Assuming 
complete coupling; loading of linker 1 onto Tentagel ® = 0.22 mmol g']. 
9.0.4 Recycling of the DIC coupling mixture used in the preparation of 4-
([ethylsulfanyl-N-(2-phenylacezyl)]amino-methyl}-benzamidopropylamido tentagel 
(80a) 
The DIC coupling mixture that had been separated from the Tentagel ® resin 
by filtration in the experiment described in Section 9.0.3 was reused on fresh 
Carboxy-Tentagel ® [loading of 0.24 mmol g'] (1.00 g) according to the standard 
protocol (Section 6.2.4.iii) to give Tentagel ®-bound linker 80a as a pale 
yellow/orange solid (1.01 g). [Assuming complete coupling; loading of linker 1 onto 
Tentagel ® = 0.22 mmol ga ]. 
9.0.5 Preparation of 4-([ethylsulfanyl-N-(2-phenylaceiyl)]amino-methyl}-
benzamidopropylamido PEGA (80d) using DIC 
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0 	 0 
N -Te 0_*'~ Yo SEt 	 80d 
A mixture of succinic anhydride (14.0 mg, 0.14 mmol), DMAP (4.5 mg, 0.04 
mmol) and pyridine (40.0 mg, 40 j.tl, 0.50 mmol) were placed in a 5 ml screw-top 
vial and dissolved in anhydrous DMF (1.0 ml). Amino-PEGA® resin 81 [loading of 
0.40 mmol g'] (30.0 mg) was then added and the mixture shaken for 16 h at R.T. 
The resin was collected by filtration, washed according to the standard protocol 
(Section 6.2.]) and dried using a vacuum pump to give the carboxy-functionalised 
PEGA®  resin 82 (31.0 mg). [Assuming complete coupling; loading of carboxy -
functionalised PEGA® resin 82 = 0.39 mmol g']. 
The coupling of linker 1 to the carboxy-functionalised PEGA ® resin 82 (28.0 
mg) was performed according to the standard protocol (Section 6.2.4.ii) to give 
PEGA®-bound linker 80d as a pale yellow/orange solid (34.0 mg). [Assuming 
complete coupling; loading of linker 1 onto PEGA ® = 0.34 mmol g']. 
9.0.6 Recycling of the DIC coupling mixture used in the preparation of 4-
{[ethylsulfanylN-(2-phenylacetyl)]amino-methyl}-benzamidOProPYlamido PEGA 
(80d) 
The DIC coupling mixture that had been separated from the PEGA ® resin by 
filtration in the experiment described in Section 9.0.5 was reused on fresh carboxy-
functionalised PEGA® resin 82 [loading of 0.39 mmol g'] (30 mg) according to the 
standard protocol (Section 62.4.iii) to give PEGA®-bound linker 80d as a pale 
yellow solid (31 mg). [Assuming complete coupling; loading of linker 1 onto 
PEGA® = 0.34 mmol g1 ]. 
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9.0.7 Preparation of 4([ethylsulfanyl-N-(2-phenylacetyl)]amiflO-methYl} 
benzamidopropylamido polystyrene (80b) using DIG 
0 	 0 
N 
~e N' N K-0 
SEt 	 80b 
The coupling of linker 1 to carboxy-polystyrene 83 [loading of 1.24 mmol g - 
(18 mg) was performed according to the standard protocol (Section 6.2.4. ii) to give 
polystyrene-bound linker 80b as a pale yellow solid (24 mg). [Assuming complete 
coupling; loading of linker 1 onto polystyrene = 0.85 mmol g']. 
9.0.8 Recycling of the DIC coupling mixture used in the preparation of 4- 
polystyrene (80b) 
The DIC coupling mixture that had been separated from the polystyrene resin 
by filtration in the experiment described in Section 9.0.7 was reused on fresh 
carboxy-polystyrene resin [loading of 1.24 mmol g'] (20 mg) according to the 
standard protocol (Section 6.2.4.iii) to give polystyrene-bound linker 80b as a pale 
yellow solid (23 mg). [Assuming complete coupling; loading of linker 1 onto 
polystyrene = 0.85 mmol ga ]. 
9.0.9 Preparation of 4{[ethylsulfanylN(2phenylacetyl)]aminO-methyl)-
benzamidopropylamido polystyrene (80b) using cyanic fluoride 
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0 	 0 
N Ye 
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Cyanic fluoride (1.01 g, 7.40 mmol) was added, with caution, to a suspension 
of carboxy-polystyrene 83 [loading of 1.24 mmol g'] (1.00 g) and pyridine (0.20 g, 
0.2 ml, 2.48 mmol) in anhydrous DCM (5.0 ml) and the mixture was shaken for 16 h 
at R.T. The resin was collected by filtration, washed according to the standard 
protocol (Section 6.2. 1) and dried using a vacuum pump to give the acyl fluoride 
resin 84 (1.10 g). [Assuming complete coupling; loading of acyl fluoride polystyrene 
84 = 1.09 mmol g1 ]. [uM (CHCI3)/ cm' 1803]. 
The coupling of linker 1 t the acyl fluoride polystyrene resin 84(1.10 g) was 
performed according to the standard protocol (Section 6.2.4.ii) to give polystyrene-
bound linker 80b as a pale orange solid (1.50 g). [Assuming complete coupling; 
loading of linker 1 onto polystyrene, using cyanic fluoride = 0.77 mmol g']. 
9.0.10 Coupling of N1(4(3-aminopropylcarbamoyl)phenYl-(ethYlSUlfaflYl)- 
methyl)-2-phenylacetamide (1) to Synphase"MD crowns 




Five Synphase' MD crowns 85 were placed in a round-bottomed flask before 
adding a solution of 20% piperidine in DMF (7.0 ml). The mixture was then shaken 
for 40 min at R.T. The crowns were recovered by filtration, washed with water (2 x 
10 ml) and DCM (2 x 10 ml) and then dried using a vacuum pump. 
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In parallel with the above procedure, F-moc analysis was carried out on a 
quarter fragment of one Synphase" MD crown (12 mg) [method described in Section 
6.2.2]. Using F-moc analysis, the loading of the Synphase' MD 0-series crowns was 
calculated to be 1.6 l.Lmol crown' (35 j.tmol g'). 
9.0.10. ii 	Coupling 	of 	N-1-(4-(3-Aminopropylcarbamoyl)phenyl- 
(elhylsulfanyl)-methyl)-2-phenylaCetamide (1) to amine functionalised Synphase 
MD crowns 86 
0 	 0 
a _~~Y N 
Ye 
	
sEt 	 SOc 
A mixture of succinic anhydride (20 mg, 0.20 mmol), DMAP (7 mg, 0.06 
mmol) and pyridine (24 mg, 24 1.11, 0.30 mmol) were placed in a round-bottomed 
flask and dissolved in anhydrous DMF (2.0 ml). Five amine functionalised 
Synphase" crowns 86 (Section 9.0. 10.i) were then added and the mixture was shaken 
for 16 h at R.T. The crowns were collected by filtration, washed according to the 
standard protocol (Section 62.1) and dried using a vacuum pump to give carboxy-
functionalised Synphase" MD crown 87. 
The coupling of linker 1 to carboxy-functionalised Synphase MD crown 87 
was performed according to the standard protocol (Section 6.2.4.ii) to give the 
Synphase' MD crown-bound linker 80c. [Assuming complete coupling; loading of 
linker 1 onto a Synphase" MD crown = 1.6 xmol crown' (35 imol g')]. 
9.0.11 Cleavage of linker 1 from Tentagel', PEGA and Synphase " MD 
crown solid supports using 2 M HO 
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0_"~ YO 
88 	 38 
The cleavage of linker 1 from Tentagel ®, PEGA® and Synphase" MD crown 
solid supports using 2 M HC1 was performed according to the general protocol 
(Section 6.2.5.i). 
From the amount of phenylacetic acid 38 and phenylacetamide 88 cleavage 
products observed via HPLC, linker I was found to have coupled (using the DIC 
coupling protocol [Section 6.2.4.ii]) to Tentagel ® with a loading of 0.22 mmol g' 
(quantitative), to PEGA ®  with a loading of 0.33 mmol g' (97%) and to Synphase" 
MD crowns with a loading of 1.4 j.tmol crown' [32 j.tmol g 1 ] (89%). 
9.0.12 Cleavage of linker 1 from Ten1agel', PEGA polystyrene and 





The cleavage of linker 1 from Tentagel ®, PEGA®, polystyrene and Synphase 
MD crown solid supports using TFA was performed according to the general 
protocol (Section 6.2.5.ii). 
From the amount of phenylacetic acid 38 and phenylacetamide 88 cleavage 
products observed via HPLC, linker 1 was found to have coupled (using the DIC 
coupling protocol [Section 6.2.4.ii]) to Tentagel ® with a loading of 0.22 mmol g' 
(quantitative), to PEGA ® with a loading of 0.33 mmol g' (97%), to polystyrene with 
a loading of 0.77 mmol g' (91%) and to Synphase" MD crowns with a loading of 
1.4 .tmol crown' [32 j.xmol g'] (89%). 
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9.0.13 Cleavage of linker 1 from Tenlagel' 8', PEGA 0 and Synphase " MD 
crown solid supports using 0.5 M NaOH 
38 
The cleavage of linker 1 from Tentagel ®, PEGA® and Synphase" MD crown 
solid supports using 0.5 M NaOH was performed according to the general protocol 
(Section 6.2.5.iii). 
From the amount of phenylacetic acid 38 cleavage product observed via 
HPLC then linker 1 was found to have coupled (using the DIC coupling protocol 
[Section 6.2.4.ii]) to Tentagel® with a loading of 0.21 mmol g' (97%), to PEGA ® 
with a loading of 0.33 mmol g - '(97%) and to Synphase" MD crowns with a loading 
of 1.4 tmol crown' [32 imol g 4 ] (89%). 
9.0.14 Cleavage of linker 1 from Tentagel', PEGA', polystyrene and 
Synphase "MD crown solid supports using sodium methoxide 
38 
The cleavage of linker 1 from Tentagel ®, PEGA®, polystyrene and Synphase" 
MD crown solid supports using sodium methoxide was performed according to the 
general protocol (Section 6.2.5.iv). 
From the amount of phenylacetic acid 38 cleavage product observed via 
HPLC then linker I was found to have coupled (using the DIC coupling protocol 
[Section 6.2.4.ii]) to Tentagel® with a loading of 0.21 mmol g' (97%), to PEGA ® 
with a loading of 0.32 mmol g' (95%), to polystyrene with a loading of 0.77 mmol g - 
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'(91%) and to Synphase" MD crowns with a loading of 1.4 imo1 crown' [32 p.mol 
g'] (89%). 
9.0.15 Retreatment of solid supports [from Sections 9.0.11-9.0.14] with the 
acidic or basic cleavage solutions 
Recovered resin (5 mg), or Synphase" MD crown solid support, which had 
been previously treated with an acidic or basic cleavage solution (as in Sections 
9.0.11-9.0.14), was washed firstly with water (2 x 5 ml) and then according to the 
standard protocol (Section 6.2.1). After being dried using a vacuum pump, the 
recovered solid support was retreated with either acidic or basic cleavage solution 
(Section 9.0.11-9.0.14) or 5 M HCI or 5 M NaOH. All subsequent aliquot samples 
were analysed accordingly via HPLC (System 1 [Section 6.1] for Tentagel ®, PEGA® 
and polystyrene solid supports or System 2 [Section 6.1] for Synphase' MD crown 
solid support). 
An absence of cleavage product peaks corresponding to either phenylacetic 
acid 38 or phenylacetamide 88 was the case in all of the samples analysed. Such 
results indicated that the cleavage conditions used in Sections 9.0.11-9.0.14 had 
quantitatively cleaved linker 1 from solid support. 
9.1 Optimisation of the coupling of saccharide building blocks/substrates to 
solid support 
9.1.1 Coupling of 2 '-hydroxy-ethyl-tetra-O-acetyl-flD-glucopyranoside (53) 
to solid support 
9.1.1. i Coupling of 2 '-hydroxy-ethyl-tetra-O-acetyl- 1&D-glucopyranoside (53) 







89 	 —0Ac 
N3 
The coupling of glycoside 53 to soluble linker 46 (8 mg, 0.02 mmol) was 
performed according to the standard protocol (Section 6.2.6.i) where soluble linker 
46 was used in place of solid support. In this instance there was no solid support to 
collect by filtration and wash. Instead, after agitation of the reaction mixture the 
solvent was removed in vacuo to give the crude product 89, which was then analysed 
by MS without further purification. mlz (ES) 741 (M). 
9.1. 1.ii General procedure for the coupling of 2 '-hydroxy-ethyl-tetra-O-
acetyl-1&D-glucopyranoside (53) to polystyrene 80b and Tentagel'' 80a 







The coupling of glycoside 53 to polystyrene 80b (5 j.imol) and Tentagel 80a 
(5 tmol) was performed according to the standard protocol (Section 62.6.i). 
Polystyrene-bound glycoside 90 was obtained as a yellow solid (5 mg) [assuming 
complete coupling; loading of glycoside 53 onto polystyrene = 0.62 mniol g']. 
Tentagel®-bound glycoside 90 was obtained as a yellow solid (25 mg) [assuming 
complete coupling; loading of glycoside 53 onto Tentagel ® = 0.20 mmol ga ]. 
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The cleavage of glycoside 53 from polystyrene resin 90 (10 mg) and 
Tentagel®  resin 90 (10 mg) using TFA was performed according to the general 
protocol (Section 6.2.5.ii). Without further purification, the cleavage product mixture 
was analysed by MS rather than HPLC. mlz (ES) 393 (MH). 
9.1. 1 . iv Removal of acetate protecting groups from Tentagel-bound 2'-
hydroxy-ethyl-tetra-0-acetyl- 1&D-glucopyranoside (53) 




0O 0 OH 
-OH 
92 
Et3N (40 mg, 55 l il, 0.40 mmol) was added to a suspension of Tentagel ® resin 
90 (200 mg, 0.04 mmol) in aqueous MeOH (5.0 ml) and the mixture agitated for 16 h 
at R.T. The resin was recovered by filtration and washed firstly with water (2 x 10 
ml) and then according to the standard protocol (Section 6.2.1). After being dried 
using a vacuum pump, the T entagel®bound glycoside 92 was obtained as a pale 
yellow solid (197 mg). [Assuming complete deprotection; loading of glycoside 92 on 
Tentagel® = 0.20 mmol g1 ]. 







The cleavage of Tentagel ®-bound glycoside 92 (19 mg) using TFA was 
performed according to the general protocol (Section 6.2.5.ii). As the product 
glycoside 56 was non-chromophoric, the cleavage product mixture was analysed by 
MS. mlz (ES) 225 (MH). 
9.1. lvi Attempted synthesis of Tentage1-bound 2 '-hydroxy-ethyl-4, 6-0-
benzylidene-,&D-glucopyranoside (91) using ZnC12  





A suspension of the Tentagel ® resin 92 (50 mg, 9.8 tmol), zinc chloride [0.1 
M solution in ether] (1.0 ml) and benzaldehyde (10 mg, 0.01 ml, 0.10 mmol) was 
agitated using a shaker for 18 h at R.T. The resin was recovered by filtration and 
washed firstly with water (2 x 5 ml) and then according to the standard protocol 
(Section 6.2.1). After being dried using a vacuum pump, the Tentagel ®-bound 
product 91 was obtained as an orange solid (50 mg). [Assuming complete 
benzylidene acetal protection; loading of glycoside 59 on Tentagel ® = 0.19 mniol g 
1 1. 
9.1.1.vii Attempted synthesis of Tentagel-bound 2 '-hydrosy-eihy1-4,6-0-
benzylidene-fi-D-glucopyranoside (91) using benzaldehyde dimethyl acetal 
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A suspension of the Tentagel ® resin 92 (50 mg, 9.8 ismol), benzaldehyde 
dimethyl acetal (15 mg, 15 jil, 0.10 mmol) and TsOH (1 mg, 5 imol) in anhydrous 
acetonitrile (1.0 ml) was agitated using a shaker for 18 h at R.T. The resin was 
recovered by filtration and washed firstly with water (2 x 5 ml) and then according to 
the standard protocol (Section 62.1). After being dried using a vacuum pump, the 
Tentagel ®-bound product 91 was obtained as a pale brown solid (50 mg). [Assuming 
complete benzylidene acetal protection; loading of glycoside 59 on Tentagel ® = 0.19 
mmol gd ]. 
9.1.1. viii Attempted cleavage from solid support of 2 '-hydroxy-ethyl-4, 6-0-




The cleavage of Tentagel ®-bound glycoside 91 (synthesised by the protocols 
described in Section 9.I.1.vi or 9.1.1.vii) was performed according to the general 
protocol (Section 62.5.iv), but using a different HPLC system (System 3 [Section 
6.1]). However, the desired glycoside 59 cleavage product peak was not observed by 
HPLC, which inferred that the reactions described in Sections 9.1.1.vi and 9.1.1.vii 
had failed. 
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9.1.2 Coupling of 2 'hydroxy-e1hy14,6-O-benzylidene-J.LD-gluCOPYraflo5ide 
(59) to solid support 
9. 1.2.i Coupling of 2 '-hydroxy-ethyl-4, 6-O-benzylidene-flD-glucopyranoside 
(59) to a soluble linker (46) 
N3 
The coupling of glycoside 59 to soluble linker 46 (8 mg, 0.02 mmol) was 
performed according to the standard protocol (Section 6.2.6i) where soluble linker 
46 was used in place of solid support. In this instance there was no solid support to 
collect by filtration and wash. Instead, after agitation of the reaction mixture the 
solvent was removed in vacuo to give the crude product 93, which was then analysed 
by MS without further purification. m/z (ES) 661 (M). 
9. 1:2.ii Coupling of 2 '-hydroxy-ethyl-4, 6-O-benzylidene-&D-glucopyranoside 
(59) to polystyrene 80b, Tentagela3  80a and Synphase "MD crown 80c solid supports 






The coupling of glycoside 59 to polystyrene 80b (0.02 mmol), Tentagel® 80a 
(0.02 mmol) and a Synphase' MD crown 80c was performed according to the 
standard protocol (Section 6.2.6.ii). Polystyrene-bound species 91 was obtained as a 
pale yellow solid (70 mg) [assuming complete coupling; loading of glycoside 59 
onto polystyrene = 0.65 mmol g']. T entagel®bound species 91 was obtained as a 
yellow solid (101 mg) [assuming complete coupling; loading of glycoside 59 onto 
Tentagel®  = 0.21 mmol g']. On obtaining Synphase' MD crown-bound species 91 it 
was assumed that if complete coupling occurred then loading of glycoside 59 onto a 
Synphase" MD crown = 1.4 j.imol crown' (32 i.tmol g'). 
9.1.2. iii 	Cleavage 	of 	2 '-hydroxy-ethyl-4 6-O-benzylidene-fiD- 




The cleavage of glycoside 59 from polystyrene-bound species 91 (10 mg), 
Tentagel®-bound species 91 (10 mg) and Synphase" MD crown-bound species 91 
(one Synphase' crown) using sodium methoxide was performed according to the 
general protocol (Section 6.2.5.iv), but using a different HPLC system (System 3 
[Section 6.1]). 
From the amount of glycoside 59 cleavage product observed via HPLC then 
glycoside 59 was found to have coupled to polystyrene with a loading of 0.55 mmol 
g (85%), to Tentagel ®  with a loading of 0.16 mmol g' (80%) and to Synphase" MD 
crowns with a loading of 1.1 j.tmol crown' [25 tmol g'] (79%). 
9.1.2. iv Retreatment of solid support [from Section 9.1.2. iii] with the acidic 
or basic cleavage solutions 
I 
Recovered resin (5 mg), or Synphase" MD crown solid support, which had 
been previously treated with a basic cleavage solution (Section 9. 1.2.iii), was washed 
firstly with water (2 x 5 ml) and then according to the standard protocol (Section 
6.2.1). After being dried using a vacuum pump, the recovered solid support was 
retreated with basic cleavage solution (as described in Section 9.1.2.iii). All 
subsequent aliquot samples were analysed accordingly via HPLC (System 3 [Section 
6.1]). 
An absence of the cleavage product peak corresponding to glycoside 59 
cleavage product was the case for all of the samples analysed. Such results indicated 
that the cleavage conditions used in Section 9.1.2.iii had quantitatively cleaved the 
glycoside 59 from solid support. 
9.1.2.v Recycling of the activated NIS coupling mixture used in the 
preparation of solid support-bound species 91 
The activated NIS coupling mixture that had been separated from the solid 
support by filtration in the experiment described in Section 9. 1.2.ii was reused on 
fresh solid support according to the standard protocol (Section 6.2.6. ii). 
Cleavage of the resultant solid support-bound species 91 was then performed 
using sodium methoxide according to the general protocol (Section 6.2.5.iv), but 
using a different HPLC system (System 3 [Section 6.1]). However, a peak 
corresponding to glycoside 59 cleavage product was not observed via HPLC. This 
finding implied that the use of recycled activated NIS coupling mixture had failed to 
result in further coupling of glycoside 59 to solid support. 
9.1.3 	Coupling 	of 	2 '-hydroxy-ethyl-6-O-t-butyldimethylsilyl-4-O- 
me:hoxymethyl-fiD-glucopyranoside (60) to solid support 
9.1.3.i General procedure for the coupling of 2 '-hydroxy-ethyl-6-O-t-
butyldime thylsilyl4O m ethoXymethyl&Dgluc0PYrarz051ck (60) to polystyrene 80b 
and Tentagel 80a solid supports 
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The coupling of glycoside 60 to polystyrene 80b (0.02 mrnol) and Tentagel ® 
80a (0.02 mniol) was performed according to the standard protocol (Section 6.2.6.ii). 
Polystyrene-bound species 94 was obtained as a yellow solid (30 mg) [assuming 
complete coupling; loading of glycoside 60 onto polystyrene = 0.49 mmol gd ]. 
Tentagel ®-bound species 94 was obtained as a yellow solid (101 mg) [assuming 
complete coupling; loading of glycoside 60 onto Tentagel ® = 0.20 mmol gd ]. 
9.1. 3.ii 	Cleavage 	of 	2 '-hydroxy-ethyl-6-O-t-butyldimethylsilyl-4-O- 
methoxymethyl-/3-D-glucopyranoside (60) from polystyrene and Tentagel 
TBDMSO1 
MEM L P O  
HO 
60 
The cleavage of glycoside 60 from polystyrene-bound species 94 (10 mg) and 
Tentagel ®-bound species 94 (10 mg) using sodium methoxide was performed 
according to the general protocol (Section 6.2.5.iv). As the cleavage product 
glycoside 60 was non-chromophoric, the cleavage product mixture was analysed by 
MS. mlz (ES) 427 (MH). 
9.1.4 	Coupling 	of 	2 '-hydroxy-ethyl-6-O-t-butyldiphenylsilyl-,&D- 
glucopyranoside (67) to solid support 
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9.1.4. i 	Coupling 	of 	2 'hydroxy-ethyl-6-O-t-butyldipheflYlSilYl-fi-D- 
glucopyranoside (67) to Tentagel 80a solid support 
0 	 0 





The coupling of glycoside 67 to Tentagel ® 80a (0.02 mmol) was performed 
according to the standard protocol (Section 6.2.6.ii). Tentagel ®-bound species 95 was 
obtained as a dark yellow solid (105 mg). [Assuming complete coupling; loading of 
glycoside 67 onto Tentagel ® = 0.20 mmol ga]. 
9.1.4. ii 	Cleavage 	of 2 '-hydroxy-ethyl-6-O-t-butyldiphenylsilyl-flD- 







The cleavage of glycoside 67 from Tentagel®-bound species 95 (10 mg) using 
sodium methoxide was performed according to the general protocol (Section 
6.2.5.iv), but using a different HPLC system (System 3 [Section 6.1]). 
From the amount of glycoside 67 cleavage product observed via HPLC then 
glycoside 67 was calculated to have coupled to Tentagel ® 80a with a loading of 0.12 
mmol g' (62%). 
9.2 Reactions on resin-bound saccharides 
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9.2.1 Sulfation of resin-bound saccharides 
9.2.1.1 Non-selective di-sulfation of 2 '-hydroxy-ethyl-4,6-O-benzylidene-/3D-
glucopyranoside (59) on Tentagelsolid support 
a I  _'_'T 0 
0 	 0 
H 	
H 	 IK-0 
0S03 .NHMe3 
0 




A suspension of Tentagel-bound species 91 (50 mg, 8.2 mol) and 
Me3NH.S03  (3 mg, 20.0 j.tmol) in anhydrous DMF (1.0 ml) was agitated on a blood 
rotator for 16 h at R.T. The resin was collected by filtration, washed according to the 
standard washing protocol (Section 6.2.1) and dried using a vacuum pump to give 
the Tentagel ®-bound di-sulfated species 96 as a yellow solid (51 mg). [Assuming 
complete di-sulfation; loading of di-sulfate on Tentagel ® = 0.15 mmol gd ]. 
The cleavage of Tentagel ®-bound di-sulfated species 96 (10 mg) using 
sodium methoxide was performed according to the general protocol (Section 
6.2.5.iv), but using a different HPLC system (System 3 [Section 6.1]). HPLC 
analysis suggested that a new product peak had formed. MS analysis of the cleavage 
mixture suggested that the new product might be the di-sulfated glycoside. mlz (ES) 
590 (M). 
9.2.1.11 Non-selective di-sulfation of 2 '-hydroxy-ethyl-6-O-t-butyldimethyl-











A suspension of Tentagel-bound species 94 (50 mg, 0.01 mmol) and 
Me3NH.S03  (4 mg, 0.03 mmol) in anhydrous DMF (1.0 ml) was agitated on a blood 
rotator for 16 h at R.T. The resin was collected by filtration, washed according to the 
standard washing protocol (Section 6.2. 1) and dried using a vacuum pump to give 
the Tentagel-bound di-sulfated species 97 as a yellow solid (50 mg). [Assuming 
complete di-sulfation; loading of di-sulfate on Tentagel ® = 0.18 mmol g']. 
The cleavage of Tentagel ®-bound di-sulfated species 97 (10 mg) using 
sodium methoxide was performed according to the general protocol (Section 
6.2.5.iv), without performing the HPLC analysis. Without further purification, the 
cleavage product mixture was analysed by MS. mlz (ES*)  704 (M). 
9.2.1. iii Attempted stereoselective sulfation of 2 '-hydroxy-eihyl-4, 6-0-




A suspension of polystyrene-bound species 91 (50 mg, 0.03 mmol), 4 A 
molecular sieves, dibutyl-tin oxide (76 mg, 0.30 minOl) and anhydrous MeOH (0.1 
ml) in anhydrous DMF (0.9 ml) was agitated on a blood rotator for /2  h. Me3NH.S03 
(12 mg, 0.09 mmol) was then added and the reaction mixture agitated for 16 h at 
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R.T. The resin was collected by filtration, washed according to the standard washing 
protocol (Section 6.2.1), separated from molecular sieves by decantation and dried 
using a vacuum pump to yield polystyrene-bound mono-sulfate 98 as a yellow solid 
(57 mg). [Assuming complete mono-sulfation; loading of mono-sulfate on 
polystyrene = 0.45 mmol g']. 
The cleavage of polystyrene-bound mono-sulfate species 98 (10 mg) using 
sodium methoxide was performed according to the general protocol (Section 
6.2.5.iv), but using a different HPLC system (System 3 [Section 6.1]). A peak 
corresponding to the desired mono-sulfated cleavage product was not observed via 
HPLC. MS  analysis also indicated that the desired mono-sulfated sugar cleavage 
product had not been formed. These results inferred that the selective sulfation of 
polystyrene-bound species 91 had failed. 
9.2. 1.iv Attempted stereoselective sulfation of 2 '-hydroxy-ethyl-6-O-t-







A suspension of polystyrene-bound species 94 (60 mg, 0.03 mmol), 4 A 
molecular sieves, dibutyl-tin oxide (76 mg, 0.30 mmol) and anhydrous MeOH (0.1 
ml) in anhydrous DMF (0.9 ml) was agitated on a blood rotator for ½ h. Me 3NH.S03 
(12 mg, 0.09 mmol) was then added and the reaction mixture agitated for 16 h at 
R.T. The resin was collected by filtration, washed according to the standard washing 
protocol (Section 6.2.1), separated from molecular sieves by decantation and dried 
using a vacuum pump to yield polystyrene-bound mono-sulfate 99 as a yellow solid 
(83 mg). [Assuming complete mono-sulfation; loading of mono-sulfate on 
polystyrene = 0.35 mmol g']. 
ISO 
The cleavage of polystyrene-bound mono-sulfate species 99 (10 mg) using 
sodium methoxide was performed according to the general protocol (Section 
6.2.5.iv), without performing the HPLC analysis. MS analysis of the crude cleavage 
mixture failed to indicate the presence of the desired mono-sulfated sugar cleavage 
product, which inferred that the selective sulfation of polystyrene-bound species 94 
had failed. 
9.2.2 Esterjflcation of saccharides on the solid support 
9.2.2.i Non-selective di-esterjflcation of 2 '-hydroxy-ethyl-4, 6-O-benzylidene-
/3-D-glucopyrafloside (59) on Tentagelsolid supporP9 ' 
115 
4-acetyl-benzoic acid (0.12 g, 0.7 mmol), WSCDI (0.14 g, 0.17 mmol) and 
DMAP (0.09 g, 0.7 mmol) were stirred together in anhydrous DCM (10.0 ml) for 5 
mm. A portion of this solution (4.0 ml) was then withdrawn and carefully added to a 
screw-top vial containing Tentagel-bound species 91 (50 mg, 8.2 tmol). The 
mixture was then agitated on a shaker at R.T. for 3 h. The resin was collected by 
filtration, washed according to the standard washing protocol (Section 6.2.1) and 
dried using a vacuum pump to give the TentageI'-bound species 100 as a dark 
yellow solid (52 mg). [Assuming complete di-esterification; loading of di-ester on 
Tentagel = 0.15 nimol g']. 
The cleavage of Tentagel®-bound species 100 (10 mg) using sodium 
methoxide was performed according to the general protocol (Section 6.2.5.iv), but 
using a different HPLC system (System 3 [Section 6.1]), to afford di-esterified 
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glycoside 115. HPLC analysis indicated that a new product peak had formed and MS 
analysis suggested that it might be attributed todi-ester 115. mlz (ES) 636 (M). 
9.2.2.ii 	Non-selective 	di-esterifi cation 	of 2 -hydroxy-ethyl-6-O-t- 
(60) on Tentagel'solid 
supportt89 ' 
116 
4-acetyl-benzoic acid (0.12 g, 0.7 mmol), WSCDI (0.14 g, 0.17 mmol) and 
DMAP (0.09 g, 0.7 mmol) were stirred together in anhydrous DCM (10.0 ml) for 5 
mm. A portion of this solution (4.0 ml) was then withdrawn and carefully added to a 
screw-top vial containing Tentagel ®-bound species 94 (40 mg, 8.0 j.imol). The 
mixture was then agitated on a shaker at R.T. for 3 h. The resin was collected by 
filtration, washed according to the standard washing protocol (Section 62.1) and 
dried using a vacuum pump to give the Tentagel®bound species 101 as a dark 
yellow solid (41 mg). [Assuming complete di-esterification; loading of di-ester on 
Tentagel® = 0.18 mmol ga ]. 
The cleavage of Tentagel ®-bound species 101 (10 mg) using sodium 
methoxide was performed according to the general protocol (Section 62.5.iv), 
without performing the HPLC analysis, to afford di-esterified glycoside 116. MS 
analysis of the crude cleavage mixture suggested the presence of the desired di-ester 
116. m/z (ES) 751 (MW). 
9.2.3 Sulfation and esterfication of a resin-bound saccharide 
152 
9.2.3.1 Selective de-silylation using DDQ on the solid phas e 1881 
117 
The Tentagel®-bound di-ester 101 (50 mg, 8.8 tmol) was added to a solution 
of MeCN:water [9:1] (1.0 ml). DDQ (2 mg, 8.8 i.Lmol) was then added and the 
mixture agitated on a shaker for 16 h at R.T. The resin was collected by filtration, 
washed according to the standard washing protocol (Section 6.2. 1) and dried using a 
vacuum pump to give the Tentagel ®-bound species 102 as a dark red solid (50 mg). 
[Assuming complete desilylation; loading of deprotected glycoside on Tentagel ® = 
0.16 mmol gd ]. 
The cleavage of Tentagel ®-bound species 102 (10 mg) using sodium 
methoxide was performed according to the general protocol (Section 6.2.5.iv), 
without performing the HPLC analysis, to afford the deprotected glycoside 117. MS 
analysis of the crude cleavage mixture suggested the presence of the desired 
deprotected glycoside 117. mlz (ES) 636 (M). 
9.2.3. ii Sulfation of Tentagel'-bound glycoside 117 
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118 
A suspension of Tentagel®-bound glycoside 117 (50 mg, 8.0 j.tmol) and 
Me3NH.S03  (11 mg, 0.08 mmol) in anhydrous DMF (1.0 ml) was agitated on a blood 
rotator for 16 h at R.T. The resin was collected by filtration, washed according to the 
standard washing protocol (Section 6.2.1) and dried using a vacuum pump to give 
Tentage1-bound sulfate 103 as an orange solid (52 mg). [Assuming complete 
sulfation; loading of sulfate on Tentagel ® = 0.14 mmol g']. 
The cleavage of Tentagel ®-bound sulfate 103 (10 mg) using sodium 
methoxide was performed according to the general protocol (Section 6.2.5.iv), 
without performing the HPLC analysis, to afford sulfate 118. MS analysis of the 
crude cleavage mixture suggested the presence of the desired sulfate 118. mlz (ES) 
775 (M). 
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10 Experimental - Enzymatic Studies 
10.0 Optimisation of the enzymatic cleavage of linker I from solid support 
10.0.1 Initial studies 
10.0. 1.i Treatment of Carboxy-Tentagel, Carboxy-PEGA O and Synphase 
MD crown solid supports with penicillin amidase 
Carboxy-Tentagel 5 (25 mg), Carboxy-PEGA ® (15 mg) and Synphase' MD 
crown solid support (one crown) were each treated with penicillin amidase according 
to the standard protocol (Section 6.2.5.v). No cleavage products were observed via 
HPLC for each type of solid support treated with the enzyme. These results indicated 
that the Tentagel, PEGAO and Synphase" MD crown solid supports were stable to 
penicillin amidase. 
10.0.1. ii Treatment of solid support-bound linker 1 with phosphate buffer 
Tentagel®-bound linker 1 (25 mg), PEGA®-bound linker 1 (15 mg) and 
Synphase" MD crown-bound linker I (one crown) were each treated with 0.1 M 
potassium phosphate buffer (pH 7.5, 1.0 ml), in the absence of penicillin amidase, 
according to the standard protocol (Section 6.2.5.v). No cleavage products were 
observed via HPLC for each type of solid support treated with the buffer. These 
results indicated that each of the solid support-bound linker 1 species were stable to 
the potassium phosphate buffer present in the penicillin amidase solution. 
10.0. liii Treatment ofphenylacetic acid with penicillin amidase 
Phenylacetic acid (1.0 mg, 7 .imol) was treated with penicillin amidase, in 
the absence of solid support, according to the standard protocol (Section 6.2.5.v). 
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HPLC analysis of the filtrate revealed that the phenylacetic acid had been recovered 
from the penicillin amidase solution in a yield of 85% (6 j.tmol). 
The spent penicillin amidase that had remained in the upper chamber of the 
SR3 spin-column concentrator after centrifugation was washed with 0.1 M potassium 
phosphate buffer [pH 7.5] (3 x 1.0 ml). HPLC analysis (System 1 [Section 6.1]) of 
the phosphate buffer washings indicated only the presence of trace amounts of 
phenylacetic acid. 
10.0. liv Treatment of N-[]-(ethylsulfanyl)-4-(N'-3 '-azidopropylcarbamoyl)-
benzylJphenylacetamide (46) with penicillin amidase 
o. o 
38 
Soluble linker 46 (2 mg, 5 mol) was treated with penicillin amidase, in the 
absence of solid support, according to the standard protocol (Section 6.2.5.v). HPLC 
analysis of the filtrate indicated that the enzymatic cleavage of the soluble linker 46 
had occurred in a 71% yield. 
10.0.2 Cleavage of solid support-bound linker I using penicillin amidase 
10.0.2.i Treatment of Tentagel'-bound linker 1 with penicillin amidase 
OTTO 
38 
Tentagel®-bound linker 1 (20 mg) was treated with penicillin amidase 
according to the standard protocol (Section 6.2.5.v). From the amount of 
phenylacetic acid 38 cleavage product observed via HPLC analysis of the filtrate 
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then enzymatic cleavage of Tentagel ®-bound linker I was found to have occurred in 
a 10% yield. 
The Tentagel ®  resin that had remained in the upper chamber of the SR3 spin-
column concentrator after centrifugation was washed with water (5 x 5.0 ml) and 
then according to the standard protocol (Section 6.2.1) to ensure removal of the spent 
enzyme. After allowing the resin to dry it was then retreated with fresh penicillin 
amidase according to the standard protocol (Section 62.5.v). HPLC analysis of the 
resultant filtrate failed to indicate the presence of any phenylacetic acid 38 cleavage 
product. 
10. O.2.ii Rerrea(ment of Tentagel-bound linker 1 with 0.5 M NaOH 
38 
Tentagel®  resin 80a (20 mg), recovered from the top chamber of the SR3 
spin-column concentrator in Section 10.0.2.i was washed with water (2 x 5.0 ml) and 
then according to the standard protocol (Section 6.2.1). After being allowed to dry, 
the recovered resin was treated with 0.5 M NaOH according to the standard protocol 
(Section 6.2.5.iii). HPLC analysis revealed that a cleavage yield of 40% was 
obtained on treating the "post-enzymatic" Tentagel ®-bound linker 1 with 0.5 M 
NaOH. 
10.0.2.iii Optimisation of the enzymatic cleavage of Tentagel-bound linker I 
38 
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Tentagel®-bound linker 1 (3 x 20 mg) was treated with penicillin amidase 
according to the standard protocol (Section 6.2.5.v), but with slight variations to the 
method being implemented for each of the three T entagel® samples: 
the protocol described in Section 6.2.5.v was followed, except the 
concentration of penicillin ainidase used was increased ten-fold (1750 units); 
the protocol described in Section 6.2.5.v was followed, except the reaction 
mixture was warmed to 37 °C for the duration of the reaction; 
the protocol described in Section 6.2.5.v was followed, except the reaction 
mixture was sonicated for the duration of the reaction. 
From the amounts of phenylacetic acid 38 cleavage product observed via 
HPLC analysis of the resultant filtrates then enzymatic cleavage of Tentagel ®-bound 
linker 1 was found to have occurred in a 7% yield in the case of sample A, a 10% 
yield in the case of sample B and a yield of 2% in the case of sample C. 
10.0.2.iv Enzymatic cleavage of solid support-bound linker 1 using an acidic 
reaction work-up 
38 
Tentagel ®-bound linker 1 (25 mg), PEGA ®-bound linker 1 (15 mg) and 
Synphase' MD crown-bound linker I (one crown) were each treated with penicillin 
amidase according to the standard protocol (Section 62.5.vi). 
From the amounts of phenylacetic acid 38 cleavage product observed via 
HPLC analysis of the resultant MeOH aliquots then enzymatic cleavage of 
Tentagel®-bound linker 1 was calculated to have occurred in a 14% yield, PEGA ®-
bound linker I in a yield of 10% and Synphase" MD crown-bound linker I in a yield 
of 40%. 
10.1 Enzymatic cleavage of solid support-bound saccharides 
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10.1.1 Treatment of solid support-bound 2 '-hydroxy-ethyl-4,6-O-benzylidene-
&D-glucopyranoSide (59) with phosphate buffer 
Tentagel®-bound glycoside 59 (50 mg, 8 i.Lmol) and Synphase' MD crown-
bound glycoside 59 (one crown, 25 imo1) were each treated with 0.1 M potassium 
phosphate buffer (pH 7.5, 1.0 ml) in the absence of penicillin amidase according to 
the standard protocol (Section 6.2.5.v), but using a different HPLC system (System 3 
[Section 6.1]). 
No cleavage products were observed via HPLC which indicated that each of 
the solid support-bound glycoside 59 species studied were stable to the potassium 
phosphate buffer present in the penicillin amidase solution. 
10.1.2 Treatment of solid support-bound 2 '-hydroxy-ethyl-4,6-O-benzylidene-
fiD-glucopyranoside (59) with penicillin amidase 
HO 	59 
Tentagel®-bound glycoside 59 (45 mg, 7 jtmol) and Synphase" MD crown-
bound glycoside 59 (one crown, 25 xmol) were each treated with penicillin amidase 
according to the standard protocol (Section 6.2.5.v), but using a different HPLC 
system (System 3 [Section 6.1]). 
No cleavage products were observed via HPLC for each type of solid support 
treated with the enzyme. 
10.1.3 Retreatment of solid support-bound 2 '-hydroxy-ethyl-4,6-O-
benzylidene-/3D-glucopyranoside (59) with sodium methoxide 
HO2 O OH 
HO 	59 
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Tentagel®  resin (35 mg, 6 imo1) and a Synphase" MD crown recovered from 
the top chambers of the SR3 spin-column concentrators in Section 10.1.2. were 
washed with water (2 x 5.0 ml) and then according to the standard protocol (Section 
6.2.1). After being allowed to dry, each of the recovered solid supports were then 
treated with sodium methoxide according to the standard protocol (Section 6.2.5.iv), 
but using a different HPLC system (System 3 [Section 6.1]). 
HPLC analysis revealed that a cleavage yield of 74% was obtained on 
treating the "post-enzymatic" Tentagel ®  resin with sodium methoxide [assuming 
100% loading of the "post-enzymatic" Tentagel ®-bound glycoside 59] and that a 
cleavage yield of 72% was obtained on treating the "post-enzymatic" Synphase" MD 
crown with sodium methoxide [assuming 100% loading of the "post-enzymatic" 
Synphase' MD crown-bound glycoside 59]. 
10.1.4 Treatment of 9-nilrophenyl-/3.D-galactoside (109) with acid 
OH 	 01N 
HO 
HO OH HO 
HO 
113 	 111 
A solution of DCM:TFA:water (10:9:1) (1.0 ml) was added to 9-nitropheflyl-
1&D-galactoside (ONP-Gal) 109 (10 mg, 33 imol) and the mixture agitated on a 
blood rotator for 4 h at R.T. An aliquot was removed (300 ILl), concentrated to 
dryness in vacuo then dissolved in HPLC grade MeOH (300 uI) before being placed 
on a centrifuge for 30 sec. A portion of the aliquot (25 j.tl) was then analysed via 
HPLC (System 3 [Section 6.1]). 
From the amount of Q-nitrophenol 111 cleavage product observed via HPLC 
it was calculated that quantitative cleavage of the glycosidic linkage of ONP-Gal 109 
had occurred. 
10. 1.5 Coupling of Qnitrophenyl-AD-galactoSide ( 109) to soluble linker 46 
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C)-*,- 
The coupling of ONP-Gal 109 (9 mg, 30 jsmol) to soluble linker 46 (8 mg, 20 
imol) was performed according to the standard protocol (Section 6.2.6.i), where 
soluble linker 46 was used in place of solid support and anhydrous DMF (1.0 ml) 
was used as the reaction solvent. In this instance there was no solid support to collect 
by filtration and wash. Instead, after agitation of the reaction mixture the solvent was 
removed in vacuo to give the crude product glycoside 110, which was then analysed 
by MS without further purification. mlz (ES) 650 (M). 








Glycoside 110 (3 mg, 5 j.tmol) was treated with penicillin amidase, in the 
absence of solid support, according to the standard protocol (Section 6.2.5.v), but 
using a different HPLC system (System 3 [Section 6.1]). From the amount of 
glycoside 109 cleavage product observed via HPLC it was calculated that enzymatic 
cleavage of the glycoside 110 had occurred in a 23% yield [assuming 100 % initial 
loading onto azide 461. 
10.1.7 Coupling of Q-nitrophenyl-,&D-galactoside (109) to Synphase ' MD 
crown solid support 
161 
0 	 0 
H A_Q 
YO 02N  
HO 	 0 
HO 
112 
The coupling of ONP-Gal 109 (5 mg, 16 smol) to Synphase' MD crown SOc 
(one crown) was performed according to the standard protocol (Section 6.2.6i), but 
using anhydrous DMF (1.0 ml) as the reaction solvent. Assuming complete coupling, 
loading of ONP-Gal 109 onto Synphase' MD crown = 1.4 imol crown' (32 xmol g - 
1) .  
10.1.8 Acidic cleavage of 2-nhzrophenyl-J3D-galactoside (109) from 
Synphase _MD crown solid support 
OH 	 O2N 
HO 
HO 	 OH HO 
HO 
	
113 	 111 
The cleavage of Synphase ° MD crown-bound ONP-Gal 109 (one crown) 
using TFA was performed according to the general protocol (Section 6.2.5.ii), but 
using a different HPLC system (System 3 [Section 6.1]). From the amount of - 
nitrophenol 111 cleavage product observed via HPLC it was calculated that ONP-
Gal 109 had coupled to Synphase" MD crowns with a loading of 0.6 ismol crown' 
[15 .tmol g'] (46%). 
10.1.9 Treatment of Synphase ' MD crown-bound Q-nztrophenyl-flD-
galactoside (109) with penicillin amidase 
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OH 	 02N 
HO -b 
HO OH HO 
HO 
113 	 111 
Synphase" MD crown-bound glycoside 109 (one crown) was treated with 
penicillin amidase according to the standard protocol (Section 6.2.5.vi), but using a 
different HPLC system (System 3 [Section 6.1]). The desired Q-nitrophenol 111 
cleavage product was not observed via HPLC. 
The Synphase' MD crown that had been removed from the enzymatic 
cleavage solution was washed with water (2 x 5.0 ml) and then according to the 
standard protocol (Section 6.2.1). After being allowed to dry, the recovered 
Synphase" MD crown was treated with TFA according to the standard protocol 
(Section 6.2.5(i), but using a different HPLC system (System 3 [Section 6.1]). From 
the amount of Q-nitrophenOl 111 cleavage product observed via HPLC it was 
calculated that a cleavage yield of 70% had been obtained on treating the "post-
enzymatic" Synphase' MD crown-bound glycoside 109 with TFA [assuming 100% 
loading of the "post-enzymatic" Synphase" MD crown-bound glycoside 109]. 
10.2 Determination of the extent of penicillin amidase cleavage of linker 1 by 
use of Agalactosidase 
10.2.1 Treatment of glycoside 110 with /Lgalactosidase 
A solution of &galactosidase (15 units) in 0.1 M sodium phosphate buffer 
(pH 7.3, 1.0 ml) was added to glycoside 110 (5 mg, 8 imol) and the mixture was 
shaken for 16 h at R.T. The solution was placed in the top chamber of a SR3 spin-
column concentrator, which was then placed on a centrifuge for 4 h. An aliquot of 
the filtrate (25 tl) was then analysed via HPLC (System 3 [Section 6.1]). Q-
Nitrophenol 111 cleavage product was not observed via HPLC, which indicated that 
glycoside 110 was stable to /3.galactosidase enzyme. 
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10.2.2 Treatment of Synphase" MD crown-bound glycoside 109 with fi 
galactosidase 
A solution of /3galactosidase (15 units) in 0.1 M sodium phosphate buffer 
(pH 7.3, 1.0 ml) was added to Synphase' MD crown-bound glycoside 109 (one 
crown) and the mixture was shaken for 16 h at R.T. The solution was removed and 
placed in the top chamber of a SR3 spin-column concentrator, which was then placed 
on a centrifuge for 4 h. An aliquot of the filtrate (25 j.tl) was then analysed via HPLC 
(System 3 [Section 6.1]). Q-NitrOphef101 111 cleavage product was not observed via 
HPLC, which indicated that the Synphase' MD crown-bound glycoside 109 was 
stable to ,8-galactosidase enzyme. 
10.2.3 Treatment of glycoside 110 with penicillin amidase and / 
galactosidase 
OH 	 02N 
HO 
HO OH HO 
HO 
113 	 111 
A solution of penicillin amidase (175 units) in 0.1 M potassium phosphate 
buffer (pH 7.5, 1.0 ml) was added to glycoside 110 (5 mg, 8 j.tmol) and the mixture 
was shaken for 16 h at R.T. The penicillin amidase enzyme was then removed by 
placing the mixture in the top chamber of a SR3 spin-column concentrator, which 
was then placed on a centrifuge. After 4 h the filtrate was removed and added to a 5 
ml screw-top vial containing a solution of 1&galactosidase (15 units) in 0.1 M sodium 
phosphate buffer (pH 7.3, 1.0 ml). The resultant mixture was then shaken for 16 h at 
R.T. before being placed in the top chamber of a SR3 spin-column concentrator. The 
SR3 spin-column concentrator was then placed on a centrifuge for 4 h. An aliquot of 
the filtrate (25 Ill) was removed and analysed via HPLC (System 3 [Section 6.1]). 
I 
From the concentration of Q-nitrophenol 111 cleavage product observed via 
HPLC it was calculated that the penicillin amidase hydrolysis of glycoside 110 had 
occurred in a yield of 18% [assuming 100 % initial loading onto azide 46]. 
10.2.4 Treatment of Synphase' MD crown-bound glycoside 109 with 
penicillin amidase and figalactosidase 
OH 	 02N 
0
-b HO 
HO a_OH HO 
HO 
113 	 111 
A solution of penicillin amidase (175 units) in 0.1 M potassium phosphate 
buffer (pH 7.5, 1.0 ml) was added to Synphase" MD crown-bound glycoside 109 
(one crown) and the mixture was shaken for 16 h at R.T. After removing the 
Synphase' MD crown from the mixture, the penicillin amidase was then removed by 
placing the mixture in the top chamber of a SR3 spin-column concentrator, which 
was placed on a centrifuge for 4 h. The filtrate was removed and added to a 5 ml 
screw-top vial containing a solution of 15.galactosidase (15 units) in 0.1 M sodium 
phosphate buffer (pH 7.3, 1.0 ml). The resultant mixture was then shaken for 16 h at 
R.T. before being placed in the top chamber of a SR3 spin-column concentrator. The 
SR3 spin-column concentrator was then placed on a centrifuge for 4 h. An aliquot of 
the filtrate (25 .tl) was removed and analysed via HPLC (System 3 [Section 6.1]). 
The desired Q-nitrophenol 111 cleavage product was not observed via HPLC. 
The Synphase" MD crown, which had been recovered from the cleavage 
mixture was washed with water (2 x 5.0 ml) and then according to the standard 
protocol (Section 6.2.1). After being allowed to thy, the recovered Synphase' MD 
crown was treated with TFA according to the standard protocol (Section 6.2.5.ii). 
From the amount of Q-nitrophenol 111 cleavage product observed via HPLC it was 
calculated that a cleavage yield of 56% was obtained on treating the "post- 
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enzymatic" Synphase"' MD crown with TFA rassuming 100% loading of the "post-
enzymatic" Synphase"MD crown]. 
10.2.5 Treatment of Synphase" MD crown-bound glycoside 109 with a 
penicillin amidase//3-galactosidase mixture 
OH 	 02N 
HO 
HO 	 OH HO 
HO 
113 	 111 
,&Galactosidase (15 units) was added to a solution of penicillin amidase (175 
units) in 0.1 M potassium phosphate buffer (pH 7.5, 1.0 ml). The mixed enzymatic 
solution was then added to Synphase" MD crown-bound glycoside 109 (one crown) 
and the mixture shaken for 16 h at R.T. The Synphase" MD crown was removed 
before the mixture was placed in the top chamber of a SR3 spin-column 
concentrator, which in turn was placed on a centrifuge for 4 h. An aliquot of the 
filtrate (25 Ill) was then removed and analysed via HPLC (System 3 [Section 6.1]). 
The desired Q-nitrophenol 111 cleavage product was not observed via HPLC. 
10.3 Molecular modelling 
The structure of penicillin amidase was obtained from the Brookhaven 
database. Substrates were generated using a Silicon Graphics 0 2  computer and Bio-
sym Insight 11 —  software. To obtain an approximate structure for the substrates, the 
general structure was entered and atoms were manipulated by the energy 
minimisation software, which extrapolates the structure based on the minimum 
energy interactions generated by the van-der-Waals, coulombic and hydrogen bond 
interactions of the atoms. 
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Abstract 
A novel tinker for the immobilisanon of alcohols on solid support is described. This linker can be cleaved eriber 
crizymaucally using penicillin armdasc. or by very mild acid hydrolysis using 10% TEA. C 1998 Elroier Si..irnce Lid 
All ngflt$ rescived. 
Kevaovds: mpponcd rroxnons, eans.in. aic080ls. carboinidmes. 
The recent surge of interest in solid-phase organic synthesis has resulted in the need for new 
solid-phase methodologies, in particular new linkers for functional groups other than amuses 
and carboxylic acids [1. Enzyme-cleavable linkers are particularly attractive because 
cleavage might be achieved under mild, neutral and aqueous conditions. Two reports have 
demonstrated that enzymes can be used to cleave molecules from solid supports using a 
phosphodiesterase [2] and an endopeptidase (chymotrypsin) [3]. A major drawback of both 
methods is that the compound released from the solid support retains part of the recognition 
Site of the enzyme. i.e. a phosphate ester [2] and a peptide with C-terminal phenylalani.ne 
residues [3]. Although both 'tags could in principle subsequently be cleaved with 
phosphatases or peptidases respectively, this would introduce several additional synthetic steps 
into the reaction sequences. Here we describe the design and synthesis of a more general 
linker, which can be cleaved either with penicillin amidase (EC 3.5.1.11), a commercially 
available and widely used enzyme [4) or by the use of dilute TFA. thereby complementing the 
existing range of alcohol linkers. 
Penicillin amidase is known to catalyse the hydrolysis of a wide range of amines 
protected as the corresponding phenyLacetyl derivatives and has also been used in peptide 
synthesis for the cleavage of cystelne protecting groups [5].  Thus, in order to incorporate the 
enzyme recognition site, the linker 1 was designed as shown in Scheme 1, in which -OR 
'Oepoueeni of Ctiomuiry. The Edinburgh Come for Pmioio Technology. The Umvesscty of Edi'sbsagh. Kings Buildings. Weis 
Manse Road, Eilinbsirglr EUS M. UK. 




represents the alcohol group. It was envisaged that cleavage would be initiated by hydrolysis 
of the phenylacetamide moiety, generating the hemiaminal 2 which should easily fragment in 
aqueous medium releasing the alcohol ROH. 
Ph 





An activated form of the linker was accessible using methodology developed by Katritzky es 
al. [6-81. The benzott-iazole derivative 4 was prepared in 67% yield by retluxing aldehyde 3 
with benzotna.zole and phenylacetamide in a Dean-Stark apparatus (Scheme 2). Although the 
benzotrtazole is a good leaving group, and can be replaced by strong nucleophiles, we have 
found that the thsoethyl group is more convenient for our purposes. The latter can be 
activated with a thiophilic reagent, such as N-iodosuccinimide, and is then susceptible to 
displacement by relatively poor riucleophiles such as secondary alcohols. The thioethyl 
derivative 5 was easily obtained in excellent yield by reaction of 4 with sodium ethanethiolate 









0) Phanyl=ttentic (I oq). bemotrautoic (I 40 T40H (Oboo). tolueiie. olIn. Doom-slob. lOb. 67%. 61 nothmm 001100dooiOo (IS 
eq.). TI4F. RT. 46. 96% (II) nphonyip400phmo (1.2 oq). 11,0. Tilt'. RT. 164.96%. 
Amine 5 was then coupled to a variety of solid supports in reasonable to excellent 
yields (Scheme 
3)1,  A number of Tentagel and PEGA 0 resins were investigated because of 
their compatibility with aqueous reaction conditions and because they had been reported to be 
suitable for enzyme-catalysed reactions [9[. Coupling yields were between 75% (TentaGel -
COOH) and 100% (PEGA m -COOl-1). Polystyrene was also successfully derivatised in 
quantitative yield by activating the resin as the acylfluoride t and should be useful when the 
'Typical procedure for the coupling of 14o iloko,- 1 10 loud supports Our Tnmagni and PEGA mono) A mbolmo of 
In mo (100m loading 0.2 000054). nic, loko, 550 0. 013000l). 15Th (77 mg. 0.24 moo)). HOBi (32 mg. 0.24 moot) 
and Nj440000pylmIyi00000 (3) mg. 024 oniol) in DMF 20)) mm booboo for l6h 0123 00. mm moo, mm w401,d 000016 
Sm) oloqools of T5. 05.0'. DMFMnOH (0)). OMF.T}4F and CH,Ct, and dried. - 
°TypInI procedure (or 660 coupling of the linker S to mild nopporu (too poloblyommo rnom) Cy.00nc ltm& (0.437 
g. 6.2 moo)) 0111 added (with ,00ioon(  1. 1100900000 01 cobooypoiymiymo loom (1.40 4: loading 124 mmoVg(. and pyndoo 
(0.240 mL 2.45 mmml) oo dohkoolooib,000 (5 ml) 004 160 moon woo 114011004 on bind mulom (on 61 ol 23 C. flo smm no 
0000,01 moth 5 ml oiqoou of lilt'. DM1'. 77111' 11011 CH,C1, omi 16)40 0 11 von000 moon (v_, 1805 con). N14. 
D—P pyle yLanum  10.432 01. 2,48 mmmi) moo added 101005000loo of dim linker 5 (2.40 g.  623 mmmi) and the my) fhoo64 
moo) 1.40 g,i24 mmobg( in DM1' 5m1( 0040000801100400114)0040001100 for 16.h 0125 C. The loom mm 0400400mm with Is 
ml okqoou of THF. DM1'. 05.0' MoOH (I I). OMF.THF and C111,0 1 and direct. 
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2-: iff.b.nnomaooi-1.yl(-I.1j3-lltlwllnthuiotellrnn we,Jiaasoll to iZnq(. HO it  (12 m(. DIEA 112 eql. DMF. 1611, 
25'C (1 2M NaOH: (1,1)261 1 -Id. ),v('IFA:DCM.H,09:iO:i:(V(peOwliiifl iaan. 
The loading values of the linker on the resin were determined by hydrolytic cleavage' 
of the phenylacetamide group using either strong acid or base and quantitative determination 
by HPLC of the amount of phenylacetamide or phenylacetic acid released. respectively'. 
These loading values were then used to determine the efficiency of cleavage of the linker 6 
using penicillin amidase'. It was found that penicillin amidase was indeed able to effect 
cleavage of 6. although the yield of enzyme cleavage was strongly dependent on the resin 
used, ranging from 25% for PEGA 5 to a maximum yield of 509' for TentaGel We are 
currently attempting to improve these yields by varying the spacer arm of the linker and also 
by using tailor-made resins that are more compatible with enzyme catalysed reactions 1101. 
In view of the susceptibility of the linker to cleavage under mild acid conditions aqueous 
TFA'. this protocol was used in subsequent experiments involving attachment of a range of 
alcohols. 
The lhioerhyl group in 6 was activated by treatment with N-iodosuccinimide followed 
by displacement with a variety of alcohols 7 to 11 (Scheme 4) 1 . Fmoc-protected senne 
methylester 7 was found to couple in excellent yield to the polystyrene-linker and could also 
be cleaved quantitatively. as judged by l-IPLC analysis after acid release. Fmoc analysis of the 
resin bound 7 was in good agreement with the values derived from cleavage reactions. 
Secondary alcohols 8 and 9 gave good yields of coupling. These could possibly be improved 
by double-coupling methods, since analysis of phenylacetamide loading revealed that some of 
the linker had remained intact on the resin. 
'Chemical cleavage of she iinker from solid support and determination of the loading: (hr Tents5.l and phciA 
leItnI): A nawlynston of the tenon 12 mgi to 2M SC) L300 ill) or 261 SolOS )3in41) was shakm kn lilt at 25 'C. An aiaqont Of Sin 
suimrnataoi sOtuuw was nnuinitsnd and analysed by HPLC by comparison with standard solutions.  
'HPLC.anolysis: H.PLC was coos-ted Oot on a Walton HFLC sytiee, with a Pheoontcnno Spinnenios. (5iatsy) ODS2 column 250 
Inn 046mm) 10mg a gradient of two eiannis (25 MM pnsasttanl plgtsphuate boiler pH st. xetosttmin). 
'Enzymatic ntcanage of the tinker From solid support: A tolatton of peaoc.thn amsiase (700 antS,) in O.iM osUsatutIl 
phosphate hstilen p11 ?,5: Ott sob was MW to tOe won (2 etg) aid lIt. ns,csate wan 5651100 los 1611 at 23 C The olutaoit was 
resnossob Oealml with 2 M SC! 10.5 ott) sat) coociaii with CHCI. (2, 5 it!) The cta,tbsnnd os-goon iuern wee ctannflaaleli, th, 
s0100tolna restdaO won dissOlved to 300 lii methanol and nssiysni by HPLC. 
'Closinge of linker tniag mild acid nOstdiltOat lw polystyrene lesIon): A ttaafotnamon 01 the s-nov (IS .tg. 0.01 no.01) In 
CH,CI:TPA.HO t 109:1 t)v. 4w1) was agttsted lot Sh. Ac altqlaS (300 p1: was temoteti. 'waocenanated r thoueld femolan. 
dtosolnotl into the same volatile of MeObI sasS attaiyted by ISFLC. 
'Typical procedure for the costpiltzll of ainobolt to b: A staspas000t of lb. tents SatInS lts*on 6 (50 mg. 0.05 .1.01). 
alcohol (7 -11)01.23 ynlntd( and 4 A soolocoi0n sac-tot in CH,Ci (2nd) was agtla.tion a bloo d ntaaaas for 30 min. N-lodtoswowanoia 
(25 nlg. 0. 13 no.101) land to the cats- of alcohols 5. iS and t I 45,1101 of univ wad) was added and tIto susçmsston agualed for a 
ttathea 16h. Th. nntn wan watkinS with twice with 3 elI sltquolt of 1'}IF. DM1'. DMF: MoOS 11:1>. DM1'. 1341'. CHCI aid was 
nnpaatdd lottee tnohoolsa osons he sOtat61fl. 
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Since we were particularly interested in applying the linker to solid phase carbohydrate 
synthesis, the protected glucosides 10 and II were coupled to linker 6. Yields of coupling 
were markedly improved to 757c and 80% respectively, by adding catalytic amounts of triflic 
acid (0.125 eq) to the NIS solution. 
6 • ROH 
0 OR 
ROH resin used. mrrCned yssids 01 coup" to  and 500seq000i cleavage! 









NHAc 	 HO 
10 (Tentagel. quanhltairve) 	 II (Polystyrene. 80%) 
Scheme 4 
I,, 0014. N.todooscca.aeste. CH.C!.. RI. (RI, 
In summary, we have developed an efficient synthesis of the linker 6 and have shown 
that a variety of alcohols can be coupled under mild conditions. The linker can be cleaved by 
penicillin anndase, although yields are currently restricted to 50%, or alternatively by 
quantitative mild acid cleavage. Both attachment to, and cleavage from, the linker can be 
achieved under much milder conditions than methodology based on dihydropyran-
functionalised resins [11]. It should therefore be particularly useful for more acid labile 
compounds, such as carbohydrates and acid-labile protecting groups-  
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